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I  INTRODUCTION 


The  tests  desoribed  in  this  thesis  were  undertaken 
for  the  purpose  of  obtaining  information  on  the  following 
points : 

(1)  A  method  of  loading  which  approaches  uniform  distribution 
of  load  and  allows  the  necessary  observations  to  be  taken. 

(2)  A  satisfactory  method  of  measuring  the  deformations  which 
a  slab  undergoes  when  loaded. 

(3)  The  relation  betv/een  unit  load  carried  and  ratio  of  length 
to  width. 

(4)  The  location  of  maximijim  stresses  in  the  steel  and  in  the 
concrete, 

(5)  The  relation  betv/een  loads,  moments,  and  stresses. 
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II     OUTLINF  AND  DESCRIPTION  OF  TESTS 
1.     Outline  of  Tests 

Only  simple  slabs  supported  on  four  edges  were  test- 
ed, as  this  work  was  considered  to  be  preliminary  to  testing  con- 
tinuous or  restrained  slabs. 

In  order  to  determine,  for  this  investigation,  satis- 
factory methods  of  loading  and  of  measuring  deformations  a  sin- 
gle slab  60  inches  wide,  120  inches  long  and  5.1  inches  deep  to 
the  steel,  was  made  and  tested.     It  contained  0.5^  reinforce- 
ment in  each  direction. 

Aside  from  the  preliminary  test  above  described,  the 
slabs  were  all  4  5/8  inches  deep  (4  in. to  center  of  steel), rein- 
forced with  1/4  in. rods  giving  0.5^  of  steel  in  each  direction  at 
the  center.     They  were  63  in. wide  and  varied  in  length  as  follows: 

Table  1. 


:  No.  of  Test  ' 

'  Length,  ; 

Width,  : 

Length  *  Width 

:        pieces  : 

Inches  " 

:     Inches  : 

:  4 

[       65  ! 

63  I 

1 

:  2 

!  83 

}       63  : 

1  1/3 

:  2 

:  103 

:  63 

:              1  2/3 

Each  slab  was  supported  on  a  strip  3  inches  wide  around  the  per- 
imeter.   Assuming  the  actual  support  as  at  the  center  line  of 
this  strip  the  above  ratios  of  length  to  width  are  obtained. 

All  pieces  were  tested  as  nearly  as  possible  at  an 
age  of  60  days. 
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2.    Teat  Pieces 


a.  Forms.  In  order  to  take  meaa-ureraents  on  both, upper  and 

lower  surfaces  of  the  alaba,  bolts  cut  from  5/8  inch  mild  steel 
rods  were  set  in  the  forma  ao  as  to  project  both  above  and  be- 
low the  slab  about  1  l/2  inches.     This  made  it  necessary  to  con- 
struct the  form  so  as  to  hold  the  bottom  of  the  slab  at  least 
1  1/2  inches  above  the  floor.     The  accompanying  sketch  shows 
the  form  set  up  ready  for  the  placing  of  steel  and  pouring  of 
concrete.     The  bottom  of  the  form  was  of  2"  x  12"  lumber.  The 
sides  were  ripped  from  2"  x  12"  planks  to  the  size  2"  x  4  5/8". 
Before  making  each  slab  the  form  was  carefully  levelled  and 
strips  were  placed  across  the  top  for  the  puj?pose  of  keeping 
the  bolts,  above  mentioned,  in  rows  in  both  directions  as  shown 

in  Fig,  1.  -  — 

_  ^ 


b.  Materials.  Universal  cement  was  used.     The  aggregate 

consisted  of  crushed  Kankakee  limestone  and  Attica  sand.  The 
mechanical  analyses  of  the  sand  and  atone  are  here  given. 
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Stone  Sand 


Sieve  No.   :  Per  cent  :  :  Sieve  No.   :  Per  cent 

or        :  Passing  :  :  ;  Passing 

Size   t  :  : 

.  ^  :  3  :  100 

1"            :  100  :  :  l/4"  :  99,1 

3/4"         :  85.5  :  :  5  :  95.7 

1/2"        :  47.6  :  :  10  :  70.0 

5/8"         :  21.4  :  :  12  :  62.1 

3             :  7.8  :  :  16  :  53.9 

5             :  0.8  :  :  18  :  43.5 

10              :  0.4  :  :  30  :  25.3 

:  :  :  40  :  13.3 

:  :  :  50  :  6.4 

:  ;  :  74  :  3.8 

:  :  :  150  :  1.0 


c.  Concrete.  —  The  cement  sand  and  stone  were  mixed  dry  in  the 
ratio  1,  2  and  4,  the  stone  having  been  previously  wetted. 
About  8%  of  water  was  added  and  the  whole  thoroughly  mized  by 
hand  by  experienced  concrete  men.     This  made  a  fairly  wet  mix- 
ture which  did  not  require  a  great  deal  of  tamping, 

d.  Slabs,  —  The  concrete  was  placed  in  the  forms  shown  in 
Fig.  1,  in  layers  about  2  l/2  inches  thick  and  tamped.  The 
strips  across  the  top  of  the  form  were  somewhat  in  the  way, 
but  the  concrete  was  v/et  enough  to  fill  in  these  places  pretty 
thoroughly.     The  sides  of  the  forms  were  removed  after  seven 
days  and  at  an  age  of  about  21  days  the  slab  was  entirely  re- 
moved from  the  form.     Some  difficulty  was  experienced  in  getting 
the  slab  loose  from  the  floor  of  the  form  as  concrete  sometimes 
filled  in  the  holes  around  the  bolts,  but  this  was  not  serious, 

e.  Cubes, —    For  each  slab,  three  6-inch  cubes  were  made.  These 
were  stored  in  damp  sand  except  those  for  slab  No,  1,  which 
show  less  strength  than  the  others. 
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f .  Steel. -The  reinforcement  consisted  of  l/4  inch  round  mild 
steel  rods  having     a    yield    point  of  about  50,000  lb.  per  sq. 
in.  and  an  ultimate  strength  of  about  66,000  lb.  per  sq.  in. 
This  was  placed  in  both  directions  in  the  slab,  staggered  in 
such  a  way  as  to  make  the  distance  of  the  center  of  the  steel 
in  either  direction  below  the  top  of  the  slab  equal  to  4  inches. 

The  reinforcement  at  the  center  in  both  directions  was 
0.5/0  but  the  total  amount  of  steel  calculated  on  this  basis  was 
reduced  one  quarter  in  the  outer  two  thirds,  according  to  the 
recommendations  of  the  Joint  Committee  on  Concrete  and  Rein- 
forced Concrete,   (See  A.  S.  0.  E.  March  1910).     The  spacing 
from  the  third-points,  outward,  increased  by  arithmetical 
progression.     The  distribution  of  the  rods  is  shown  in  the 
following  table.     This  spacing  is  shown  in  diagrams  V  to 
XXVIII  inclusive. 

Table  2. 


:  Rod  No.  : 

Distance  in  inches  of  Rod  from  Center  for  : 

Dimensions 

■"'63''  ; 

83"  j 

103"  i 

:        1  : 

0.0  : 

1.25  : 

0.0  : 

:        2  : 

2.5  : 

3.75  : 

2.5  : 

:        3  : 

5.0  : 

6.25  : 

5.0  : 

:        4  : 

7.5  : 

8.75  : 

7.5 

:        5  : 

10.0  : 

11.25  : 

10.0  : 

:        6  : 

13.12  : 

13.75  : 

12.5  : 

:        7  : 

16.75  : 

16.50  : 

15.0  : 

:        a  : 

21.12  J 

19.38  : 

17.5  : 

:        9  : 

26.00  ! 

t          22.50  : 

20.25  : 

:        10  ! 

31.50 

:  25.75 

:            23.25  : 

:  11 

I  29.25 

:            26.50  ; 

:  12 

:  32.88 

:           30.00  : 

:  13 

:  36.75 

:             33.75  J 

:  14 

:  41.12 

:            37.75  J 

:  15 

:           42.00  ; 

:  16 

:  46.50 

:  17 

:  51.25 

I 


"'For  square  slabs  the  spacing  was  the  same  in  both 
directions.     This  was  the  same  as  the  spacing  in  the  width  of 
the  rectangular  slabs. 

3.     Testing  Machine  and  Placing  of  Test  Piece 

The  testing  machine  is  shown  in  photographs,  Figs. 
3  and  4  pp.    7    and     8    .     Two  wooden  piers  K  were  built  up 
of  7"  X  14"  timbers  about  10  ft.  long.     Across  these  were  lev- 
elled two  20-inch  I-beams  C,  which  carried  four  12-inch  31.5 
lb.  I-beams  A  and  B.     Of  the  two  I-beams  A, one, is  at  the  west 
end  of  the  slab  and  does  not  appear  in  either  photograph,  B 
and  B  are  tied  together  by  means  of  two  5/8  inch  rods  E  and  E, 
one  at  each  end.     That  at  the  west  end,  however,  is  not  shown 
in  the  photograph. 

On  the  frame  formed  by  the  four  beams  A  and  B  is 
placed  the  slab  extending  3  inches  out  upon  each  I-beam.  An 
even  bearing  was  secured  by  means  of  a  layer  of  very  wet  mor- 
tar mixed  in  the  proportion  of  about  1  of  cement  to  1  l/2  of 
sand.     The  v/eight  of  the  slab  on  this  mortar  was  sufficient 
to  secure  an  even  bearing  if  the  mortar  was  sufficiently  wet. 
In  some  of  the  first  tests  an  even  bearing  was  not  secured  and 
thereafter,  the  mortar  was  made  so  wet  that  it  could  only  with 
difficulty  be  handled  on  a  trowel. 

With  the  different  sized  slabs  different  arrange- 
ments of  loa-l  points  were  necessary.    These  arrangements  are 
shown  in  Figs.  5,  6  and  7  pp.  9     and    10   .     On  each  load  point 
a  steel  block  5  inches  square  and  1  inch  thick  was  bedded  in 
cement  mortar.     From  this  was  built  up  as  sho^m  in  Fig.  5  and 
the  photographs,  the  load  distributing  apparatus.    The  jack  J 


Fig.  4 
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which  applies  the  load  carries  it  through  the  24-inoh  I-beam 
H  and  rods  L,  to  the  two  LO-inch  I-bearas  F  which  in  turn,  trans- 
mit it  upward  to  the  slab  through  the  I-beams  0  B  and  A. 

The  object  of  I-beams  D  and  trestles  Q  is  merely  to 
support  the  20-inch  I-beam  H  while  placing  and  removing  test 
pieces . 

4.     Measuring  Apparatus 

a.  Deformations.  —    The  apparatus  used  for  measuring  the  de- 
formations in  steel  and  in  concrete  is  shown  in  the  photograph 
Fig.  8.     The  extensometers  shown  are  Ames  dials.     They  are  grad- 
uated to  .001  of  an  inch  and  readings  may  be  quite  accurately 
estimated  to  .0002  of  an  inch.     The  plunger  has  a  travel  of  .25 
inches  to  .?)5  inches.    Evidently  when  the  deformation  causes  a 
pressure  on  the  pliuiger  the  hand  must  respond,  but  the  friction 
of  the  parts  is  often  sufficient  to  prevent  the  spring  from 
bringing  back  the  plunger  uniformly  as  the  pressure  is  removed. 
Therefore,  it  v/as  necessary  to  so  set  the  dials  that  extension 
on  the  under  side  and  compression  on  the  upper  side  of  the  slab 
would  both  cause  pressure  on  the  plimger.     This  arrangement  v^as,  j| 
however,  impracticable  in  a  few  cases  due  to  the  lack  of  room. 

The  photograph  of  the  measuring  apparatus  Fig.  8 
shows  two  methods  of  fastening  the  ends  of  the  rods  carrying 
the  instruments.     That  marked  "A"  is  the  method  used  in  the 
firrt  or  preliminary  test.     It  vias  found, hov/ever,  to  be  too 
rigid,  and  in  the  remainder  of  the  tests,  a  connection  having 
two  universal  joints  was  substituted  for  the  single  "U"  clamp. 
By  the  first  m.ethod  of  attachment  it  was  difficult  to  fasten 
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Fig.  8 


IS 

li 

i; 

a  rod  without  causing  it  to  bear  heavily  upon  standards  through  i; 
which  the  rods  passed.    The  change  in  apparatus  helped  in  this  i 
respect  very  much.     In  order  to  still  further  reduce  the  chances 
for  friction  against  the  standards, loose-fitting  washers  were 
placed  in  the  hole  in  the  standard  at  the  end  of  the  extensometer 
rod, and  the  rod  was  passed  through  the  5/16  inch  hole  in  the 
washer.     The  use  of  this  washer  was  successful  for  the  early 
part  of  the  test,  hut  in  a  few  cases  the  extension  of  the  steel 
was  so  large  ujider  a  high  load  that  the  washer  slipped  out  of 
place  and  rendered  the  remainder  of  the  readings  useless.  In 
some  tests  also  a  plunger  reached  the  end  of  its  travel  before  j 
the  maximum  load  was  obtained  and,  of  course,  vitiated  all  the 
remaining  readings  in  the  same  line  of  instriments.     These  dif- 
ficulties did  not  occur  until  near  the  maximum  load  and  never 
until  after  the  elastic  limit  of  the  steel  had  been  reached, 
and  therefore  did  not  affect  the  accuracy  of  the  readings  in  | 
the  most  important  part  of  the  test. 

b.  Deflections.  —    Deflections  were  taken  on  slabs     6,  8  and 
9.     Small  wire  hooks  were  fastened  to  the  bottom  oi  the  slab 
by  m.eans  of  plaster  of  Paris,     From  each  of  these  hooks,  No. 
56  v;ouTid  copper  wire  was  led  to  the  drum  of  an  extensometer 
placed  directly  under  the  hook.     These  extensometer  readings 
can  be  depended  on  to  give  an  error  of  not  more  than  *00015 
inches.     In  Fig.  5,  p.  9  a  typical  arrangement  for  measuring 
deflections  is  shown. 
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5.  Conduct  of  Tests 

Before  beginning  these  tests  it  v/as  thought  that 
by  partially  loading  a  slab  several  times  and  taking  readings 
consecutively  in  different  quarters  of  the  slab  it  could  be  de- 
termined whether  different  parts  of  it  acted  the  same  under 
load,  that  is  whether  the  loading  was  symmetrical.     In  the  test 
of  slab  No.  1  this  was  tried,  but  not  with  good  results.  For 
consecutive  series  of  loading,  instruments  left  in  the  same 
place  often  gave  very  different  readings,  indicating  that  al- 
though the  load  was  not  carried  far  enough  to  cause  visible 
cracks,  the  properties  of  the  slab  v;ere  different  before  and 
after  the  application  of  the  load. 

In  the  test  of  the  first  slab  an  attempt  v/as  made 
to  take  two  readings  on  the  under  side  instead  of  one  above  and 
one  below.     If  this  could  be  done  there  v/ould  be  nothing  to 
interfere  with  any  method  desired,  of  applying  load  to  the  top. 
As  this  attempt  was  unsuccessful,  both  this  idea  and  that  of 
using  repeated  loading  were  abandoned  in  the  remaining  tests, 
but  it  seems  probable  that  further  trial  might  prove  them  both 
feasible  if  desirable. 

In  the  first  test  the  load  was  applied  by  means  of 
a  100-ton  hydraulic  jack.  In  all  the  other  tests  a  40-ton 
jack  T/as  used.  This  was  calibrated  in  a  100,000  lb.  Riehle 
testing  machine  and  it  was  found  that  with  the  gauge  used, 
the  load  could  be  read  to  about  the  nearept  1000  lbs.  The 
calibration  shov/ed  that  the  readings  on  the  gauge  fell  off 
a  good  deal  more  rapidly  than  the  load  actually  fell  off 
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the  jack.     The  scale  beam  showed  that  the  jack  held  a  load  of 
60,500  lbs.  for  1  minute  v;ith  a  loss  of  only  800  lbs.,  while 
the  gauge  indicated  a  loss  of  5,500  lbs. in  that  time.     The  cal- 
ibration curve  for  this  ga-ige  and  jack  is  given  in  Fig.  9a. 
The  photograph  Fig.  9,  p  16  ,  shows  how  the  jack  was  used  in 
the  test.     The  readings  were  taken  by  two  persons  and  recorded 
by  two  others  at  increments  of  about  3000  lbs.     As  there  were 
from  20  to  4S  instruments  to  be  read  for  each  load, considerable 
time  elapsed  while  standing  imder  load,  hence  there  often  was 
considerable  falling  off  of  gauge  reading.     However,  the  in- 
struments remained  nearly  stationary  and  no  effort  was  made  to 
keep  the  gauge  at  a  constant  load.     The  readings  were  contin- 
ued up  to  the  maximum  load  and  then  the  instruments  were  re- 
moved.    After  this  the  loading  of  the  slab  in  most  of  the 
tests  was  continued  for  some  time;  in  some  cases,  until  dia- 
gonal tension  and  stripping  of  the  reinf orcem.ent  from  the  slab 

had  proceededto  a  considerable  extent.    No  slab,  however,  failed 
all 

completely,  but  continued  to  hold  the  maximum  load  for  quite  a 
long  time,  v/hich  even  then  fell  off  only  slowly  while  the  ap- 
plication of  load  v/as  continued.  
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III     REDUCTION  OF  EXPERIMENTAL  DATA 

1,  Equations  for  kd,  e^,  and  eg 
If  AB  and  CD,  Fig*  10,  represent  the  original  posi- 
tions of  two  standards,  some  position  such  as  Ai  B]^  and  C-j^ 
will  represent  their  positions  after  loading  and  AAi,  BBi, 
OGi  and  DD-|_  will  each  represent  the  change  of  panel  length  at 
the  point  indicated.     If  CAg  and  DBg  be  laid  off  equal  to  AA^ 
and  BBj^  respectively,  AsC^  and  BgD-^  will  represent  the  total 
change  in  panel  length  above  and  belovr,  respectively. 


In  Fig.  11  let  the  changes  in  panel  length  AgC-j^  and 
BgD^  be  represented  by  U  and  L.    Assuming  that  a  plane  section 
before  loading  remains  plain  throughout  the  test,  the  neutral 
axis  v/ill  be  at  the  intersection  of  AgBg  and  C^D-j^ 

In  this  figure  we  have  the  following  notation: 
S-S  =  position  of  steel 

U  =  change  in  panel  length  at  level  of  upper  instruments 
L  =  change  in  panel  length  at  level  of  lower  instruments 


d.Q=  deformation  in  concrete  for  full  panel 
ds=  deformation  in  steel  for  full  panel 
6^=  unit  deformation  in  concrete. 
es=  unit  deformation  in  steel. 
kd=  depth  of  neutral  axis. 

a  =  distance  of  instruments  above  and  below  slab, 
d  =  depth  of  slab  from  top  surface  to  steel, 
n  =  distance  of  steel  above  lower  surface  of  slab, 
g  =  panel  length  in  inches, 
(1)     From  similarity  of  triangles,      ~-   — ^  ^  , — j 


(z3 


U    _    Q  Kd 


(3)     Kd  -^n-vd)U  _^ 

^  ^  (ZQ4-  n+  d)U  q 

/>!    U  q  -f  kd  ^   U-^  ^  

do  -      kd  (Zq  +  n  -^d\U  ^ 


fcg?  +  n+  d)U  . 


(2q  4-  h  -h  d^U  -  a(U  +  U      (a -H  n -»-d)U  -  a  L 
U  +  i_ 


(Q    A    -  Uf(  c3  -I-  n  +  d)U  -qL)    (ci  +  n  -h  d)  U  -  q  L 
U{2q +  n+d)         -  Zqfn-hd 

=    g<  4-  n  +  d  ^  Q   |_ 

2.a+-n-t-d  2.a4-n+d 


ij  _  Zq  -h  n  -V  d   _        a        .   ^  Za  +  n  -f  d 

^  q  -t-  n  -h  d  q+n+d  a+n-f-d 


Z  a  +  n  -1-  d 


(8)   Since  d..3e.,U  =  ^^-^L  +  sa^ 


+  n  <i 

d 
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(q)    JUL  =      kd.  ^   (J-HL 


u  +  L 


U'J     as-     ea  +  n  +  d 


a  -1-  d 


L  -  d. 


S  ^3  -h  n  +  d 

04     Since  ds-ge.  UrrQ-^cl^^gq-t-n  +  d  ^ 

(/4)    From  (3)  Kd(U+ L)=  (2Q  +  n-fd)u-cl(L/t  L). 
(i5j    U(-kd4  {2a  +-  n  +  d}  -  a')^L(  a  +  Kd) 
(I ^    L  =  U  ^"  '<  d+  n  -^d. 

Equations  16,  13,  and  8  are  plotted  in  diagrams  I, II, II 
from  which  the  depth  of  neutral  axis  and  the  unit  deforma- 
tions in  concrete  and  steel  respectively  are  read  as  functions 
of  U  and  L.     The  values  of  a,  n,  d,  and  g  used  were,  a  =  7,25, 
n  =  .625,  d  =  4.00,  g  =  13.50.     Substituting  these  values  in  - 
equations  8,  13,  and  16  they  become 
(8)-^  U  =  .61055L  +  21. 746^5 
(13)-^  U=  1.428L  -  32.785e 

s 

(16)1  L=  11.875  -  kd 
7.25  +  kd 


2.  Amount  of  Error  in  Results 
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An  attempt  will  now  be  made  to  determine  how  much 
error  may  be  expected  in  the  computed    unit  deformations.  In 
the  tests  an  effort  was  made  to  have  the  distances  "a"  above 
and  below  the  slab  equal.     Supposing,  however,  that  these  may 
vary  by  an  amoxmt  "b"  call  these  distances  a±b  and  a-^t  "b 
spectively.    Let  e^  =  unit  deformation. 


^c-      g     (a  +  a,  +n+di)<3 


Let  Pq=  error  in  e^  due  to  error  b  in  a  or  a^^ 
Let  Ps=  error  in  eg  due  to  error  b  in  a  or 

In  the  same  way  an  expression  for  Pg  may  be  derived. 
On  page  21     are  given  the  various  values  of  P  for  different  com- 
binations of  b  with  a  and  a]_. 

A  comparison  of  these  equations  shows  that  errors  in 

6-  and  e_  due  to  errors  in  a  and  an  are  equal  but  of  opposite 
c  s 

sign.     Since  it  is  only  the  size  and  not  the  sign  of  the  error 
that  concerns  this  discussion,  an  investigation  of  the  errors 
in  Og  will  ansv/er  for  those  in  e^.     It  is  evident  that  of  the 
first  four  values  of  Pg  the  first  is  the  largest,  since  its 
niomerator  is  largest  and  its  denominator  is  smallest.     It  is 
equal  to  (5)  and  opposite  in  sign.     In  (6),   (7)  and  (8)  both 
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ERRORS  IN  DEFOm^ATIOKS 
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(0 

0 

a 

a. 

Pc 

Ps 

i 

n 

□  -H  b 

a,-  b 
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b 
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b  '^"^ 

h  ^"^ 

*^(a-^a,tn^-d-^2b)q 

a+  b 

a,  +  o 

-bL 

bL 

(a-f  b  +  cii-f  n+  d)  Q 

(OH  O-i-a.t  n+di^q 

a+  o 

Q,+  b 

bU 

-  bU 

(o+  b-h  a,  +  n+d)  q 

bt  a.iD-hd^q 

...  ..-  -   -   1 
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a,+  b 

btU^U 

-b(U  +  U 

(a  +a,-t  n  +  d)  g 

(a-+a,  +  n  +  d)q 

-  .  — 1 

1 

a-  b 

a,  -b 

b(U-L) 

(a,  +  a  +  n-i-d-2lD)q 

(ptq,i-ni-d  -  Zb)q 

a-b 

a,  +  o 

bL 

-bL 

fQ  +  a,+  n-»-d-io")q 

V              '  'J 

b  +  a.4-n-i-d  -  \o\a 

q  +o 

a  -  b 

bO 

fcl+-Cli  +  J04-d  -  /I 

f  Q  +-  d  ■  +  M  -f-  (d  —  n 
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li 

a  +0 

a,+  o 

o 

o 
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numerator  and  denominator  are  smaller  than  in  (l),  but  the  de- 
crease in  the  denominator  is  proportionally  much  less  than  that 
in  the  numerator  (since  "b"  is  small ), therefore,   (6),   (7)  and 
(8)  are  also  smaller  than  (1).     If  **b"  be  taken  as  .375  inches 
and  U  =  L,  for  fg  =  35000      U  +  L  =  .16  (about)  and 
Pg  =  .375  X  i9*ip5  X I3T5  =«00032.       For  this  case  Og  =  ,00115 

and  -—  =  =  .28      This  is  an  extreme  value  of  U  +  L 

03  .00115 

when  f    =  35000,  however,  and  very  seldom  occurs.    What  is  more 
s 

375  X  07 

to  be  expected  is  U  +  L  =  .07  giving,  Pg  =  {9  igsxl*^  5    ~  'lOlS. 

_  000105  =^091.     This,  however,  is  based  on  the  supposition 
eg  .00615 

that  a  is  too  large  and  a^^  is  too  small.     As  may  be  seen  in  Fig. 
8  p.  12  ,  the  most  likely  source  of  error  in  a  and  a-^  is  in  plac- 
ing the  instrument  so  that  the  deformation  is  actually  taken 
at  a  distance  from  the  slab  greater  than  that  of  the  rod 
carrying  the  instrument.     Both  a  and  a-j^  would  then  be  too 
large,  hence  case  (2)  is  more  probable  than  (1). 
This  gives 


Ps=-b 


U-L 


If  .375,  P,-  -.375  x  .,0Qoo,^  and 

Ps  _  -  0000  1^  ^  -  .0  I  2  Z 
00 1  1  5 


This  would  indicate  that  the  error  ordinarily  to  be  expected 
in  the  unit  deformations  computed  from  the  readings  may  in 
some  extreme  cases  be  as  large  as  28^  but  that  as  a  rule  the 
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results  are  not  in  error  more  than  2^  or  3^,     The  error  due  to 
the  use  of  diagrams  for  making  the  computations  is  as  large  as 
this,  as  explained  in  the  next  paragraph,  hence  the  readings  may 
be  considered  sufficiently  accurate  for  the  purposes  for  which 
they  are  used. 

In  Table  III,  Deformations,  the  relation  between  e^ 
and  fg  does  not  always  appear  consistent.     The  reason    for  this 
is  that  while  the  two  computations  Y^ere  made  entirely  independ- 
ently of  each  other,  the  stresses  (especially  for  low  values) 
are  estimated  to  the  nearest  100  lbs.  and  the  unit  of  defor- 
mations to  the  nearest  .00001.    But  the  difference  of  .00001 

in  unit  deformation  corresponds  with  a  difference  of  300  lb. 

lb.  per  sq.in. 

unit  stress  if  the  modulus  of  elasticity  of  steel  be  30,000,000.  i 
The  readings  probably  can  not  be  taken  accurately  enough  to 
justify  computing  unit  deformations  any  closer  than  this.  Thus 
while  the  stresses  in  column  fg  should  vary  by  increments  of 
not  less  than  300  lbs.,  in  many  cases  they  vary  by  not  more 
than  100  lbs  and  represent  an  accuracy  which  is  not  justifiable. 
The  diagrams  of  unit  stresses,  however,  were  platted  from  this 
table  and  for  that  reason  it  is  retained  as  computed. 
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IV    DISCUSSION  OF  RESULTS 


1.  General  Observations 


a.  Method  of  Failure.  —    Tiie  first  sign  of  failure  was  usually 
a  oraolr  on  the  bottom  along  the  outside  edge  of  the  loaded  area 
extending  from  one  load  point  to  another.     This  usually  was 
followed  by  the  extension  of  two  cracks  from  the  load  point 
to  the  corner  as  shown  in  Fig.  IS,     Later  the  corner  was 


observed  to  rise  and  at  about  the  same  time  a  vertical  crack 
occurred,  extending  from  the  point  whero  the  diagonal  crack 
(2)  reached  the  edge  of  the  slab,  upward  and  away  from  the 
corner,  see  photographs,  Figs.  5  and  4,    At  the  maximum  load 
the  cracks  had  all  opened  up  quite  wide  and  usually  presented 
the  general  appearance  in  Fig.  13,  and  in  some  cases  almost  as 
symmetrical  as  there  represented. 

Figs.  14  to  21,  p.  25  ,  are  sketches  of  the  several 
slabs  showing  the  location  and  load  at  which  the  first  cracks 
occurred.  Their  purpose  is  to  show  the  order  in  which  the 
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craclffl occurred  rather  than  their  exact  location.    Figs.  22  to 
20, pp  26-54,  are  photographs  showing  the  cracks  on  the  bottoms 
of  slabs  after  removal     from  the  machine.     Figs.  3,  4,  9  and 
30  show  the  vertical  cracks  on  the  ends  and  sides  of  slabs  8 
and  9 . 

In  no  case  was  there  evidence  that  the  compressive 
strength  of  the  concrete  had  been    reached     at  the  maximixm 
load.    Neither  did  any  rods  rupture.  ■  In 

slab  No.  5  it  seemed  from  measurement  with  a  micrometer  cal- 
iper that  there  might  have  been  a  very  slight  reduction  of 
section,  but  even  this  was  doubtful  as  there  was  enough  rust 
and  dirt  on  the  rods  to  make  them  vary  somewhat  in  cross  sec- 
tion.    The  elastic  limit  must  have  been  exceeded  in  some  oases 
where  no  slipping  appeared  to  have  occurred,  although  the 
cracks  on  the  bottom  of  the  slab  had  opened  from  a  half  inch 
to  an  inch  wide.     This  was  the  case  with  slab  No.  5.    As  de- 
scribed before,  the  rods  were  placed  in  three  layers  in  order 
to  keep  the  centers  of  gravity  of  both  systems  of  reinforcement 
the  same  distance  from  the  neutral  axis.    An  examination  of 
slab  No;  5  showed  that  the  rods  nearest  the  surface  of  the  slab 
had  slipped  while  those farthest  from  the  surface  had  not 
slipped  perceptibly. 

In  all  the  slabs  examined, some  slipping  had  taken 
place.    Whether  failure  was  caused  by  this  in  uncertain.  How- 
ever, in  the  case  of  slab  No.  7,  which  was  loaded  only  to  the 
maximum  it  was  found  that  the  transverse  rods  in  the  vicinity 
of  the  middle  third  had  slipped  about  l/32  of  an  inch  at  the 
North  end.     This  v/ould  indicate  that  slipping  may  have  occurred 
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before  the  maximum  load  was  reached.     In  slab  No.  4,  all  the 
longitudinal  rods  North  of  £he  center  slipped  at  the  V/est  end. 
Those  South  of  the  center  were  not  examined.     The  transverse 
rods  west  of  the  middle  third  of  the  slab  had  slipped  at  the 
North  end.     In  the  middle  third  slipping  was  not  apparent, 
though  there  may  have  been  a  small  amount  of  it.     This  slab 
was  loaded  beyond  the  maximum,  causing  considerable  rising  of 
the  corners.     Accompanying  this  rising  of  the  corners  there 
must  have  been  a  high  steel  and  bond  stress  which    may  account 
for  the  slipping  of  transverse  rods  in  only  the  outer  third.  This  , 
would  then  explain  why  the  transverse  rods  in  the  outer  third  of 
slab  No.  7  did  not  slip,  as  this  slab  was  not  loaded  beyond  the 
maximum.    HoY/ever,  it  v;ould  not  explain  why  slipping  did  occur 
in  the  middle  third  of  this  slab  and  not  in  slab  No.  4. 

b.  Distribution  of  stresses.  The  tests  seem  to  show  that 

for  the  square  slabs  the  stresses  are  in  general  about  equal 
throughout  the  area  inside  the  lines  connecting  the  load  points. 
An  inspection  of  diagrams  V  to  XII  pp.  106-15  shows  this  to  be 
approximately  true.    More  dependence  is  placed  on  the  stresses 
found  in  the  rods  extending  north  and  south  than  in  those  east 
and  west.     In  the  east  and  west  rods  the  panel  points  Bg  and  Bg 
come  on  the  line  between  outside  edges  of  load  points.     A  crack 
usually  occurred  on  this  line  and  in  some  cases, at  least,  there 
seems  to  have  been  inside  this  crack  a  movement  of  the  standard 
which  did  not  correspond  to  a  deformation  in  steel  and  concrete. 
In  this  way  it  would  seem  that  some  of  the  deformation  in  a 
given  panel  may  have  been  measured  in  an  adjoining  panel,  making 
it  too  small  in  the  former, and  correspondingly  large  in  the  latter 
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Evidence  that  this  occurred  is  found  in  the  fact  that  in  every 
case  where  the  tests  show  compressive  stress  in  the  steel  at 
a  relatively  high  load,  an  adjoining  panel  shows  an  extremely 
high  tensile  stress, and  an  examination  of  the  photograph  of  the 
slab  shows  that  a  crack  (usually  making  a  right  angle  with  the 
panel)  occurred  very  close  to  the  point  between  these  panels, 
but  just  outside  the  one  having  compression  in  the  steels 

In  the  case  of  a  large  crack  close  to  a  standard  as 
shown  in  Fig.  52, the  stress  immediately  in  the  crack  must  be 
very  much  higher  than  just  outside  the  crack  on  either  side,  or 
there  must  be  some  local  slipping  of  the  rods  in  the  concrete  for 
a  short  distance  on  either  side  of  the  crack. 


Otherwise  there  could  not  be  one  large  crack  close  to  smaller 
ones,  and  the  latter  case  is  the  more  likely  one.     Now  the  ten- 
sile strength  of  the  concrete  may  have  been  exceeded  in  the 
length  g,    -ut  the  entire  crack  may  occur  at  one  end  of  g  as 
shown.     Then  there  must  be  slipping  of  the  rods  throughout  g, 
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and  the  deformation,  d,  which  occurs  in  panel  a  is  measured  in 
panel  b,  making  the  tension  too  small  in  a  and  too  large  in  b. 
It  is  not  clear  how  this  could  be  sufficient  to  make  r  less 
than  V,  its  original  length,  which  must  be  the  case  if  there  is 
compression  in  the  steel,  but  the  fact  that  these  inconsistencies 
occur  puts  some  question  on  the  reliability  of  the  stresses  de- 
termined. 

An  examination  of  slab  No.  7  showed  that  at  B5  the 
concrete  had  not  filled  in  around  the  reinforcing  rods  proper- 
ly.    For  a  distance  of  2  or  3  inches  east  of  this  point  there 
was  very  little  concrete  around  the  east  and  west  rod,  hence 
there  could  have  been, at  best,  but  very  little  bond.    The  crack 
was  very  close  to  the  rod  so  in  many  ways  this  corresponds  to 
the  case  above  described.  This  seems  significant  as  it  was  here 
that  the  largest  compression  in  the  steel  was  found.     The  above 
explanation  is  insufficient  but  it  seems  probable,  nevertheless, 
that  the  condition  of  the  concrete  at  that  point  had  something 
to  do  with  the  inconsistent  results  there. 

Diagrams  XIII,  XIV,  XXI  and  XXII,     showing  the 
lines  of  equal  stress,  seem  to  indicate  that  in  the  square 
slabs,  at  least,  there  was  a  tendency  of  the  stresses  to  be 
somewhat  uniformly  unsymmetrical.     In  slab  No.  2  it  might  be 
expected  that  the  stresses  in  panels  1^_b>  -^B-G  »  ^A-B' 
2b_q  should  be  about  equal  to  the  stresses  in  panels  4^_g> 
4g  ^,  3^_,T3    and  3g_Q  respectively.     Instead  of  this  being  true, 
while  l^_j3  is  larger  than  lg_Q»  is  smaller  than 

Also  2._g  is  smaller  than  2g_Q,  but  3._^gis  larger  than  3g_Q  . 
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The  same  thing  oocurs  in  slab  No.  3  in  a  more  marked  degree.  In 
the  remaining  teats  there  were  not  enough  instruments  used  to 
determine  stresses  in  more  than  one  quarter  of  the  slab.  Hence 
it  is  not  known  whether  this  occurred  in  other  slabs  or  not. 
This  lack  of  symmetry  would  make  difficult  the  determination  of 
the  distribution  of  stresses.     It  must  be  due  partly,  at  least, 
to  lanequal  distribution  of  loads.     In  the  first  t7;o  or  three 
tests  the  bearing  of  the  slab  on  its  supports  was  not  as  uni- 
form as  was  secured  in  the  later  tests  and  this  may  have  con- 
tributed to  the  lack  of  symmetry  of  stresses. 

In  a  preceding  paragraph  it  was  noted  that  the 
stresses  appear  about  equal  in  the  area  included  between  lines 
connecting  load  points.     This  would  indicate  that  instead  of  ap- 
proaching uniform  load  the  distribution  more  nearly  correspond- 
ed with  two-point  loading  of  a  beam.     In  making  the  computations 
used  in  plotting  values  of  r-j^  and  r^  (see  page  47     )     point  load- 
ing was  assumed. 

Although  deformations  were  computed  for  the  concrete, 
not  much  has  been  done  with  them,  partly  because  as  a  rule 
these  deformations  were  low,  and  hence  the  steel  must  have 
been  the  controlling  factor.     The  unit  deformations  in  the  con- 
crete were  plotted  for  slab  5,  but  the  lines  of  equal  deforma- 
tion shov;  very  little  resemblance  to  those  of  the  steel.  In 
fact  it  seems  that  where  the  steel  stresses  are  large  the  con- 
crete deformations  are  small.     This  is  especially  true  around 
the  outside.    Nearer  the  central  part  of  the  slab  the  relation 
seems  to  be  m<  'e    as  might  be  expected. 
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An  attempt  was  made  to  equate  the  stresses  in  steel 
and  conorete  on  a  section  across  the  slab  but  it  was  entirely 
unsuccessful.     This  is  not  much  to  be  wondered  at  when  the 
sources  of  error  are  considered,  namely,   (1)  Assuming  the  mod- 
ulus of  elasticity  of  concrete,   (2)  ignorance  of  how  steel 
stresses  vary  between  points  at  which  they  were  measured. 

c.  Strength  of  Slabs  and  Cubes  Compared.  —    A  comparison  of 
the  strength  of  the  slabs  with  that  of  the  cubes  does  not  indi- 
cate a  close  relation  (See  tables  I  and  II).     It  would  seem  to 
show  that  the  variation  in  the  strength  of  concrete  was  not  as 
important  in  determining  the  strength  of  a  slab  as  variations 
in  conditions  of  testing. 

d.  Data  of  Slab  No.  1  Omitted.  —    The  data  from  slab  No.  1  is 
entirely  omitted  in  this  thesis  except  in  Tables  Nos.  I  and  II  pp 
63-64  .    A  comparison  with  the  other  tests  could  not  well  be 
made  because  of  the  difference  in  depth.    The  concrete  in  the 
cubes  did  not  show  as  great  strength  as  with  the  other  slabs 

and  the  conditions  in  general  were  not  as  uniform  as  for  the 
remaining  tests.     This  slab  carried  less  load  than  should  be 
carried  by  a  simple  beam  of  the  same  dimensions  supported  on 
the  sides  and  having  for  its  total  amount  of  steel  only  that  in 
the  transverse  direction  of  this  slab.     This  must, of  course,  be 
due  to  accidental  causes,  which  gale'^so^large  as  to  render  a 
comDarison  v/ith  the  other  tests  useless. 
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2.  Oomparison  with  Reoommendations  of  Joint  Committee 

and 

French  Commission 

a.  Formulas  for  Distribution  of  Load.  —  In  the  report  of  the 
Joint  Committee  on  Concrete  and  Reinforced  Concrete,  published 
in  the  Transactions  of  the  American  Society  of  Civil  Engineers 
for  March  1910,  a  formula  is  proposed  for  determining  the  por- 
tion of  the  total  load  carried  by  the  transverse  reinforcement. 
This  formula  is  r^  =  l'^  +  (l^^  +  b^) ,  in  which  r^  =  ratio  of 
unit  load  carried  by  transverse  steel  to  total  unit  load, 
1=  length  and  b  =  width  of  slab.     It  is  recognized  as  faulty 
but  is  offered  as  giving  results  on  the  safe  side.     Its  de- 
rivation is  not  given,  but  in  the  1909  edition  of  Turneaure  and 
Maurer's  Principles  of  Reinforced  Concrete",  it  is  derived  as 
follows:     The  deflection  formulas  which  they  have  deduced  for 
reinforced  concrete  beams  show  that  D  =  Kwl'^  where  D  =  deflec- 
tion, w  =  unit  load  on  the  beam,  1  =  span  and  K  =  a  constant, 
dependent  upon  the  distribution  of  load.     In  a  rectangular  slab 
the  center  strips  parallel  with  ends  and  sides  may  be  consider- 
ed as  beams  of  spans  b  and  1  and  carrying  unit  loads  w^^  and  Wg 
respectively. 
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The  French  ministry  of  public  works  recommended  in 

1  T  4 

March  1906  the  formula  r^  =   — rr    and  rs  =  1  +  (1+2  1  /  4)« 

1  +  2  b'^^  h 

The  report  of  this  commission  is    1^  given  in  Cement  Age,  for  • 

November  1906,  but  the  origin  of  this  formula  is  not  given.  In 

the  French  formulas  the  sum  of  the  unit  loads  considered  to  be 

carried  by  the  slab  as  beams  in  two  directions  is  less  than  the 

total  unit  load  on  the  slab.     If  r^  =  and  rg  =  ^2  »  = 

^1      "^2.     If  the  unit  load  is  all  carried  by  strips  in  two  di- 
w 

rections  as  beams  then  w^  +  Wg  =  w,  and  r^^  +  r^  =  1.  However, 

i-(i  +  ef-b*)  +i-(it2b'-r) 

is  less  than  1  but  approaches  1  as  ^/b  increases. 

In  the  derivation  of  the  Joint  Committee  formulas  it 
is  apparent  that  r^  +  rg  =  1,  that  is,  all  the  load  is  account- 
ed for  as  causing  flexure  in  one  or  the  other  of  two  beams.  For 
a  square  slab,  of  course,  each  system  of  reinforcement  should 
carry  the  same  proportion  of  the  total  unit  load.     The  portion 
assumed  as  carried  by  each  system  is  0.5  for  the  Joint  Committee's 
formula  and  0.53  for  that  of  the  French  Committee. 

When  i  =  oo  these  formulas  agree,  giving  unity  as  the 
b 

proportion  carried  by  the  transverse  steel.     This  is  as  must  be 
expected. 
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b.  Experimental  Results  Based  on  Maximum  Load,  —  A  Compari- 
son of  the  results  obtained  from  these  formulas  with  those  ob- 
tained from  the  tests  may  be  made  as  follows: 

If  r-j^  is  the  proportion  of  the  unit  load  carried  by 

the  transverse  steel,  the  total  unit  load  is  ^  .     The  Joint 

^1 

Committee  and  French  Commission  formulas  then  are  respect- 
ively: 

1  =  1  +        *  l"^  and 
J^l 

i  =  1  +  2b^  ♦  1-^ 
^1 

These  equations  are  plotted  in  diagram  XL.       The  ordinates 
to  these  curves  are  the  ratio  of  the  load  which  should  be 
carried  by  the  slab,  to  that  carried  by  a  beam  of  the  same  size 
supported  on  the  two  long  edges  and  which  has  the  same  amount 
of  steel  as  the  slab  has  in  the  transverse  direction.     On  the 
same  diagram  the  unit  load  carried  by  the  beam  described,  is 
shown  by  a  horizontal  straight  line  whose  ordinate  is  unity. 
The  Joint  Committee  recommends  that  the  per  cent  of  steel  requir- 
ed in  each  direction  be  determined  by  the  use  of  their  formula 
and  that  the  total  amount  used  in  each  direction  be  reduced  in 
the  outer  two  thirds  by  one  fourth  the  computed  amouiit.  Apparent- 
ly, the  assumption  is  that  the  total  load  carried  will  not  be  less 
because  of  this  reduction  in  the  amount  of  steel  used.     In  other 
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words  a  slab  reinforced  in  this  way  should  carry  as  much  load 

as  one  of  the  same  size  having  1.33  times  as  much  steel  but 

spaced  uniformly  from  the  center  to  the  edge.     In  the  square 

slabs  there  were  in  the  middle  third  in  each  direction  l/4 

inch  rods  spa.ced  2  1/2  in.cc.  In  each  2^  strip  there  was  then  an 

area  of  .049  sq,   in,  of  steel.     The  elastic  limit  of  the  steel 

was  about  50,000  lb.  per  sq.   in.  and  the  moment  arm,   ^d  for 

these  tests  averaged  about  3.5  inches.     Then  M  =  A  fgjd  =  .049  x 

50,000  X  3,5  =  8580  lb.   in.     Assuming  here,  third  point  loading, 

for  it  has  been  previously  noted  that  the  stresses  appear  to  be 

about  equal  throughout  the  loaded  area,  M  =  l/6  Wl  =  l/6  IV  x  60  = 

low.     Therefore  lOW  =  8580,  W  =  858  lb.     This  is  the  total  load 

858  X  144 

on  the  striD  considered, and  the  unit  load  is    =  830  lb. 

2  1/2  X  60 

per  sq.  ft.     The  average  unit  load  actually  carried  by  the  square 
slabs  is  1500  lb.  per  sq.  ft.,  and  that  v^hich  should  be  carried 
by  a  beam  having  the  same  reinforcement  throughout , as  the  slabs 
had  at  the  center  in  one  direction,  is  shown  by  the  above  solu- 
tion to  be  830  lb.  per  sq.  ft.     The  ratio  1500  +  830  =  1.81, 
is  an  experimental  determination  for  the  square  slabs  of  1. 
above  referred  to.     Likewise, for  the  rectangular  slab  the 
values  of  — i-  are  the  ratios  of  the  maximum  load  carried  to  830, 

'■^  1 

In  diagram    XL      an  experimental  curve  of        is  plotted  for  com- 
parison v/ith  the  graphs  of  the  two  equations  previously  discussed. 
This  shows  a  very  fair  agreement  with  the  Joint  Committee's  form- 
ula for  square  slabs,  but  indicates  that  there  is  more  strength 
in  rectangular  slabs  reinforced  in  two  directions  than  their 
formula  shows. 

This  diagram  also  shoves  that  the  square  slabs  carried 
much  less  load  than  the  French  Commission's  formula  assumes  they 
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should.     However,  the  experimental  results  for  values  of  1  *  b 
above  1.3  show  a  fair  agreement  with  it. 

Neither  of  these  formulas  seems  to  give  enough  strength 
for  rectangular  slabs    and  one  which  agrees  fairly  well  with  the 
tests  is  ^  =  1  +  "B^  4-  1^.     This  is  plotted  in  diagram  XL  and 
shows  quite  a  close  agreement  throughout  the  range  of  these  tests 

It  is  rather  surprising  that  the  experimental  curve 

for  square  slabs  gives  a  value  of  i_  less  than  8,  but  it  is 

1*1 

quite  possible  that  although  the  elastic  limit  of  the  steel  is 
about  50,000  lb.  per  sq.  in,  this  stress  may  not  have  been 
reached  in  many  cases, for  as  previously  discussed  the  steel  gave 
very  little  indication  of  reduction  in  section.     If  the  ulti- 
mate stress  obtained  was  less  than  50,000, the  experimental  curve 
should  be  raised  accordingly. 

In  diagram    XLI  are  shown  the  actual  maximum  loads 
carried  by  the  different  sized  slabs  and  the  equation  of  a 
straight  line  which  somewhat  closely  corresponds  with  t?iese  ex- 
perimental results.     This  line  can  not  be  expected  to  apply  to 
slabs  differing  in  any  dimension  or  in  reinforcement  from  those 
tested.     In  the  diagram  shown  at  the  top  of  the  same  page  the 
strength  of  rectangular  slabs  are  given  in  terms  of  a  square 
slab  v/hose  side  equals  the  width  of  the  rectangular  slab.  It 
is  possible,  though  not  shown  by  experiment,  that  this  should 
apply  to  slabs  of  other  sizes  and  per  cents  of  reinforcement 
^jjl  than  those  tested. 
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c.  Experimental  Results  Based  on  Measured  Deformations  through- 
out Tests.  — 

The  preceding  disoussion  of  distribution  of  unit  load 
between  transverse  and  longitudinal  steel  is  based  on  the  aver- 
age ultimate  load  carried  by  different  sized  slabs,  assuming 
that  at  the  maximum  load  the  steel  was  stressed  to  the  elastic 
limit.     However,  since  deformations  of  steel  were  measured 
throughout  the  tests,  the  load  which  will  produce  a  given  stress 
in  a  rectangular  strip  may  be  calculated,  provided  the  distri- 
bution of  the  load  is  known. 

Consider  a  central  strip  2  l/s  inches  wide  to  be  a 
simple  beam  loaded  at  points  as  shovm  in  Fig.  53.     For  the  trans- 
verse strips  the  loads  will  be  at  third  points,  but  for  the  long- 
itudinal strips  they  will  be  as  shown  further  on  in  this  analy- 
sis • 

In  order  to  find  from  the  tests  the  portion  of  the  unit 
load  on  the  slab  which  causes  stress  in  the  steel  in  either  di- 
rection at  the  center,  consider  a  central  strip  2  l/2  inches 
wide  to  be  a  beam  loaded  at  points  as  shovm  in  Fig. 33  .  This 
strip  has  as  reinforcement  one     l/4-inch  round  rod.     Assume  the 
following  notation: 

ViT  =  total  load  on  the  slab  at  any  time. 
Viri=  total  load  on  the  strip  at  any  time. 
V/2=  total  load  on  slab  which  causes  a 

unit  stress  of  16000  1b.  per  sq.  inch 
in  the  steel, 
w  =  unit  load  on  slab  at  any  time. 
w,=  unit  load  on  a  transverse  strip  at  any  time. 
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Wo=  unit  load  on  a  longitudinal  strip  at  any  time. 

A  =  area  of  ateel  =  .049  sq.  in. 

f=  unit  stress  in  steel, 
s 

d^=  moment  arm  assumed  as  d  -  l/5  kd. 

Mt3=  resisting  moment  =  .049fgd-^. 

Mb=  "bending  moment  inside  loaded  part  of  span. 

1  =  length  of  slab. 

b  =  width  of  slab. 

3  =  span  of  strip. 


The  expression  for  the  unit  load  carried  by  this 
strip  will  now  be  determined  for  the  following  five  cases  in- 
volved. 


:Case: 

1  : 

b  : 

s  : 

:  1  : 

60  : 

60  : 

60  : 

:  2  ! 

80  : 

60  : 

60  : 

:  3 

•100 

:  60 

r  60  • 

:  4 

:  80 

:  60 

:  80 

:  5 

:100 

:  60 

:100 

-1 


/5» 


Case  1 


GO 


w 

Ca  s  G  2 


As  a  bove  uj,  =  .oo47i-fs  a' ,  bo+  •^^^'^ 

^     uX_     .004  7/ f^d'_  157 -f^cl' 


'  CO 


cjj,=  O047I  fsd' 


Case  3. 

-41-5 


u-  _  oO,  _  .0  04-7/  fsd' 
•      CO         .o  '2.4-  W 


i 
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Cas04 


=  K  x2G^-i^xGi-|2.Z5W,  .  Fig  35 


|/1t^=  .OA'^-Fsd'  as  in  case,,!  , 


2d?"  '^  -eo- 


Q4-q  f&d' 


1  2..  2.  5 

_  37.7      _  577.x  O^^fcd 


Hi  =.00 


Case  5. 


r,^  =  00 


865  fed'.-.-  =  4i:^A^Oi685  f^^'-  fsd 


W 

#  1^ 


-2^ 


.p,^^?  


1 


J' 5 


2 
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These  equations  for  r-j^  and        give  the  ratios,  of  the 
unit  load  carried  by  the  steel  in  either  direction,  to  the  total 
unit  load  on  the  slab.     By  applying  these  equations  to  the  tests 
made  it  is  found  that  r  is  not  a  constant  but  a  function  of  the 
load  on  the  slab.     Hence  in  order  to  compare  these  results  with 
those  from  the  equations  r^  =  ^  ^  ^4  and  r^  =  _^  ^  .^^^ 

some  point  in  the  loading  of  the  slab  must  be  assumed  as  a  com- 
mon basis  of  comparison.  For  this  purpose  that  load  is  chosen 
which  gives  a  unit  stress  of  16000  lb.  per  sq.  in.  in  the 
steel,  in  the  strip  under  consideration. 

Diagram  XXXVII  is  plotted  with  the  ratio    W  ♦  Wg  as 
abscissas  and  the  ratios  ri  obtained  from  the  tests  as  ordinates. 
In  the  same  way  rg  is  plotted  in  Diagram  XXXVIII.     The  five 
curves  of  these  two  diagrams  represent  the  mean  values  of  r^ 
and  rg  for  the  five  cases  tabulated  on  page  47  . 

From  these  mean  curves,  values  of  r^  and  r^  are  read 
at  W  *  Wg  =  0.2,  0.4,  0.6,  0.8,  1.0,   1.2  respectively  and  plot- 
ted in  diagram  XXXIX,  with  r^^  and  r^  as  ordinates,  and  1  ♦  b  as 
abscissas.     This  gives  a  separate  curve  for  each  of  the  above 
values  of  W  ♦  Wg.     That  marked  "1.0"  corresponds  with  a  stress 
in  the  steel,  16000  lb.  per  sq.  in.  and  may  be  compared  with 

the  graiohs  of  the  equations  r  =  — - —    and  r=  — — 

1  +  b4  1  +  2^ 

which  are  plotted  on  the  same  sheet.     The  experimental  curve  for 
r^j^for  fg-16000  lb,  per  sq.  in.  falls  below  both  the  Joint  Com- 
mittee and  the  French  Commission  curves,  but  has  the  same 


general  direction  up  to  1  =  1,33.     Beyond  this  point  the  experi- 
mental value  of  r;^  decreased.    This  is  inconsistent  and  must  be 
wrong,  but  it  need  not  be  largely  in  error  to  cause  this  fall- 
ing off.     For  rg  the  experimental  curve  starts  out  lower  than 
either  of  the  other  curves  but  crosses  them  between  1/^  =1.15 

and  1/    =  1.44.     As  far  as  the  results  obtained  can  be  depended 

/b  X     4.  /I 

upon,  these  curves  would  show  that  in  the  square  slabs  tested, 

both  systems  of  steel  carried  less  of  the  load  than  the  pro- 
posed coefficients  would  indicate,  while  for  rectangular  slabs 
less  is  carried  by  the  transverse  and  more  by  the  longitudinal 
steel  when  1/^  is  greater  than  1.45.    For  all  cases  the  tests 
show  r.  +  r^  to  be  less  than  unity.     This  would  show  that  the 
total  load  need  not  be  accounted  for  as  being  carried  by  one 
system  of  reinforcement  or  the  other.     The  results  show  better 
agreement  with  the  French  Commission  's  recommendations  than 
with  those  of  the  Joint  Committee  as  to  the  amount  of  load  car- 
ried by  the  transverse  steel,  but  the  opposite  is  true  as  re- 
gards the  longitudinal  steel. 

Not  much  use  can  be  made  of  the  results  of  this  com- 
parison, partly  because  the  results  are  inconsistent  among 
themselves,  and  partly  because  even  though  they  might  be  near- 
ly correct,  the  maximum  load  carried  is  much  less  than  the 
stresses,  at  the  loads  for  which  these  calculations  of  r^  and 
r^  were  made,  would  indicate  that  it  should  be.     This  would 
mean  that  the  stresses  increase  much  faster  proportionally  than 
the  loads.    While  the  factor  of  safety  for  50000  lb.  elastic 
limit,  steel  under  a  stress  of  16000  lb.  per  sq.  in.,  would 
ordinarily  be  taken  as  5.1, the  maximum  loads  show  that  at  this 
stress  there  was  a  factor  of  safety  of  only  2.0,  1.8  and  2.1 


for  the  three  sizes  in  which  1+b  =  1,  1.33,  and  1.67  respective- 
ly. 

A  possible  explanation  of  the  fact  that  the  sum  of 
w^^  and  wg  is  less  than  w,  is  that  the  steel  is  more  uniformly 
stressed  throughout  its  length  than  is  assumed  in  the  method 
used  for  computing  r^  and  r^.     Fig.  37  shows  moment  diagrams 
for  two-point  loading  of  a  simple  beam.     It  is  apparent  that 
if  the  load  points  are  close 
to  the  supports  the  moment  is 
uniform  over  a  larger  span 
and  its  maximum  is  less  than 
if  the  load  points  are  near- 
er the  center.     At  the  begin 
ning  of this  discussion  it  was 

noted  that  the  stresses  were  not  far  from  equal  throughout  the 
middle  third.     An  inspection  of  the  diagrams  from  which  this 
conclusion  was  drawn  shows,  however,  that  the  outside  panels 
giving  these  stresses  are  over  half  outside  the  third  points. 
There  cannot,  therefore,  be  much  falling  off  of  stress  outside 
the  load  points  or  the  average  stress  for  the  panel  would  not 
run  so  high.     If,  now,  it  is  assumed  that  in  the  square  slab 
.5w  must  go  to  each  system  of  reinforcement,  we  can  solve  for 
a.  Fig.  27.  and  determine  where  W^+S  must  act  in  order  to  make 
this  true.     In  the  case  of  the  square  slabs  we  find  for  this 
condition  a  =  20ri.     This  gives  for  a  maximum  value  of  a, 
about  10  inches  which  seems  very  small.     But  that  something 
of  this  kind  should  occur  does  not  seem  unreasonable. 
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Consider  the  square  slab,  Fig.  38,  as  divided  up  into 
strip  beams  in  both  directions.     If  these  beams  were  independent 
each  one  would  be  under  a  bending  moment      of  wl^+S     at  the 
center  ivhere  w  is  the  unit  load  per  strip.     However,  in  a  slab 


^  Fig. 38 

this  action  is  not  allowed  to  occur.     The  deflection  of  the 
strip,  a,  puts  a  heavier  load  on  strips  at  right  angles  to  it 
between  the  diagonals  ^•^^'j^        and  dgd4  than  would  otherwise  come 
on  them.     This  as  has  been  shown  will  make  the  moments  more  uni- 
form along  the  length  of  the  strip  and  will,  to  some  extent,  ac- 
count for  the  small  moments  developed  near  the  center  of  the 
slab . 

The  evidence  that  slipping  of  the  rods  was  quite  gen- 
eral would  indicate  that  if  this  slipping  occurred  at,  or  before, 
the  maximum  load  there  must  have  been  a  high  stress  in  the  steel 
near  the  edge  of  the  slab.     This  would  be  in  keeping  with  the 
fact  that  a  small  resisting  moment  was  found  at  the  center  and 
with  the  reasoning  of  the  previous  paragraph. 

When  the  corners  of  the  slab  begin  to  rise  from  the 
support  the  reaction' is  distributed  over  a  smaller  part  of  the 
perimeter.     This  increases  proportionally  the  moment  on  the 
central  strips  without  necessarily  increasing  the  proportion  of 
the  load  carried  near  the  ends  of  the  beams.     The  result  is  the 
increase  in  the  ratio    r3_  which  is  noted  with  the  increase  of 
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load  on  the  slab. 
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3.  Conclusions 

Deductions  from  these  tests  cannot  be  assumed  to  have 
a  very  v/ide  application  since  the  tests  were  made  on  slabs  of 
only  one  thickness  and  one  width  and  are  very  few  in  number.  How- 
ever, the  following  tentative  conclusions  may  be  drawn  from  the 
information  obtained: 

The  support  on  four  edges  of  a  slab  reinforced  in  two 
directions  gives  it  considerable  advantage  over  a  beam  of  the 

same  dimensions. 

As  based  on  ultimate  load  the  Joint  Committee's  re- 
commendations give  results  which  accord  fairly  well  with  these 
tests.     Since  the  square  slabs  having  0.5/o  reinforcement  within 
the  middle  third,  carried  approximately  twice  as  much  load  as  a 
beam  of  the  same  size  having  0.5^  reinforcement  throughout  the 
width, a  continuation  of  the  investigation  should  seek  to  deter- 
mine whether  a  further  reduction  in  the  amount  of  the  steel 
might  not  be  i^ade,  and  whether  this  reduction  could  be  carried 
closer  to  the  center  without  impairing  the  strength  of  the  slab. 

As  based  on  deformations  corresponding  to  16,000  lb. 
per  sq.  in.  stress  in  steel,  the  French  Commission's  formula 
gives  results  agreeing  more  closely  with  these  experimental  re- 
sults than  does  that  of  the  Joint  Committee.     This  probably  may 
be  explained  by  considering  that  less  of  the  load  was  carried 
by  the  center  strip  of  the  slab  than  is  true  later  in  the  tests, 
and  furthermore  that  the  lateral  distribution  of  the  load  gives 
much  the  same  result  as  would  be  obtained  in  a  simple  beam  by  con 
centrating  the  loads  at  points  nearer  the  supports  than  were  the 
load  points  in  these  tests.    The  deformations  measured  indicate 


a  larger  factor  of  safety  than  existed,  for  the  ultimate  load 
carried  was  much  less  than  might  be  expected  from  the  deforma- 
tions measured  at  lower  stresses.     As  there  are  inconsisten- 
cies in  the  experimental  curve  for  the  ratio  of  the  unit  load 
carried  by  the  transverse  steel  to  the  total  unit  load,  con- 
clusions based  on  these  results  are  much  less  reliable  than  con- 
clusions based  on  ultimate  loads. 

There  is  more  advantage  in  two-way  reinforcement  for 
relatively  long  slabs  than  either  of  the  formulas  indicates. 

The  attempt  to  determine  with  any  degree  of  accuracy, 
the  distribution  of  deformations  which  may  be  expected  in  the 
steel  and  concrete  of  slabs  similar  to  those  tested,  was,   in  the 
main,  'unsuccessful.     This  undoubtedly  was  due  to  several  causes 
of  which  the  most  important  probably  were: 

(1)  The  slabs  tested  were  so  small  as  to  permit  a  large  varia- 
tion in  unit  deformation  within  the  measured  panels; 

(2)  The  method  used  for  applying  the  load  probably  allowed  a 
somev/hat  unsymmetrical  distribution; 

(3)  In  some  cases  cracks  in  the  concrete  probably  gave  rise 
to  errors  in  reading  the  deformations. 

For  a  given  expenditure  of  time  and  money  it  is  probable  that 
more  information  of  immediate  value  can  be  obtained  by  tests 
made  to  determine  ultimate  strength  alone  than  by  attempting 
to  m.easure  deformations. 


V     TABLES  AND  DIAGRAMS 
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Explanation  of  Tables 
I  Strength  of  Slabs.     This  table  gives  age  in  days  of 
slab  at  test,  size,  total  load,  and  load  in  lbs.  per 
sq.  ft.  carried  by  slabs. 
II  Strength  of  Cubes.     This  table  gives  the  individual 
and  average  strengths  in  lb.  per  sq.   in.  of  the  cubes 
tested.     The  numbers  of  the  cubes  correspond  with 
those  of  the  slabs. 
Ill  Deformations. 

This  table  is  made  up  of  eight  columns  as  follows: 
Col.  1,  Panel.     This  locates  the  position  on  the  slab 
of  the  observations  given  in  the  columns  which 
follow,  e.  g.  panel  l^_g  indicates  the  panel  in 
row  1  between  points  A  and  B,   (See  Diagram  XXVII). 

Panel  D    ^  is  in  row  D  between  points  2  and  3,  etc. 
2  5 

Col.  2,  Load.     This  is  the  total  load  in  thousands  of 
pounds  applied  to  the  slab. 

Cola.  3  and  4,  U  and  L.     These  are  the  changes  in  the 
upper  and  lower  panel  lengths  respectively  at  the 
level  of  the  instruments.     They  are  not  the  read- 
ings observed  on  the  dials  but  are  obtained  di- 
rectly from  them  as  follows:     As  shown  in  the 
Photograph  fig.  8,  the  rod  2  is  fastened  at  point 
D  of  that  row.     Instruments  are  placed  at  points 
C,  B  &  A  in  this  row  reading  the  deformations  in 
gauge  lengths  DC,  DB  and  DA  respectively.  Subtract 
ing  the  reading.  2  DB  from  2  DA  gives  the  change  of 
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length  of  panel  2j^_E«     Likewise  Sp^g  -  2jj_q  =  2g__Q. 
These  are  the  values  recorded  in  Columns  3  and  4 
of  this  table. 

Col.  5,  kd.  Depth  of  neutral  axis  in  inches  below  the  top 
surface  of  the  slab.     Obtained  from  Diagram  i    p.  102 

Col.  6,  e^.     Unit  deformation  in  concrete.     From  Dia- 
gram II  p.  105. 

Col.  7,  eg.     Unit  deformation  in  steel.     From  Diagram  III 

p  104. 

Col.  8,  f  •    Unit  stress  in  steel.  From  Diagram  IV  p.  105. 
The  values  tabulated  for  kd,  e^ ,  eg  and  fg  are  calcu- 
lated by  the  methods  given  on  pp.   17  and  18  with  the  aid  of  dia- 
grams I  to  IV. 

This  table  includes  the  data  obtained  from  the  tests 
of  slabs  2  to  9  inclusive. 

2.     Explanation  of  Diagrams 

I  Depth  of  Neutral  Axis.  Graph  of  Equation  16^  p  ,19 

II  Unit  Deformation  in  Concrete .Graph  of  Equation    8^  p  19 
III  Unit  Deformation  in  steel.       Graph  of  Equation  13^  p  19 
IV  Unit  Stress  in  Steel.  Graph  of  Equation 

U  =  1.428L  -  .000001093fs 
V  to  XII  Stress  in  Steel,  and  Depth  of  Neutral  Axis.  From 
the  computed  data  of  Table  No.  Ill  a  diagram  was  plotted 
for  each  slab  giving  unit  stress  in  steel  (fs)  and  depth 
of  neutral  axis  (kd)  as  dependent  variables  and  total 
load  on  the  slab  as  independent  variable.  Each  curve  is 
assumed  to  give  the  approximate  stress  at  the  center  of 


59 

the  panel  in  which  the  corresponding  deformations 
were  observed,  hence  the  center  of  each  panel  is 
made  the  origin  of  the  curve  showing  stresses  at 
that  point. 

Ordinates  reading  upward  are  unit  tension  in 
steel  and  distance  of  neutral  axis  above  top  of  slab. 

Ordinates  reading  downward  are  unit  compression 
in  steel  and  distance  of  neutral  axis  below  top  of 
slab . 

Stresses  are  in  black  and  depths  of  neutral 
axis  in  red. 

Abscissas  are  total  loads  on  slab  and  read  only 
to  the  right. 

The  scales  for  these  quantities  are  as  follows: 

(1)  Unit  stress  in  steel  1  inch  =  20000  lb. 

(2)  Distance  kd,  1  inch  =  10  inches. 
(5)  Load,  1  inch  =  20000  lb. 

On  each  diagram  is  shown  the  dimensions  of  slab, 
position  of; 

(1)  Slab  in  the  testing  machine. 

(2)  Both  center-lines. 

(3)  Load  points. 

(4)  Inside  edge  of  support. 

(5)  Reinforcing  steel. 

(6)  Panel  points. 

Diagram  No.  V  of  slab  No. 2  p.  106 may  be  used  as 
a  key  for  interpreting  the  remaining  diagrams  of  this 
series . 
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XIII  to  XX  Lines  of  equal  stress  in  the  steel  when  the -slab 
is  under  a  load  which  gives  a  maximum  stress  of  15000 
lb, per  sq.   in,  in  the  steel. 
XXI  to  XXVIII  Lines  of  equal  stress  for  the  load  causing 
a  maximum  stress  of  about  55000  lb.  per  sq,   in.  in  the 
steel.     The  two  systems  of  reinforcement  were  considered 
separately,  the  stresses  in  the  longitudinal  steel  being 
shown  in  black  and  those  in  the  transverse  steel  in  red. 
XXIX  Unit  deformations  in  concrete  of  slab  No.  3.     Load  scale, 
1  inch  =  20000  lb.     Deformation  scale,  1  inch  =  .002. 
XXX  Lines  of  equal  deformation  in  concrete  of  slab  No.  3. 
XXXI  to  XXIII  Deflections  in  slabs  6,  8  and  9  at  the  points 
indicated  by  small  circles  on  the  sketches  of  the  slabs 
and  for  the  loads  indicated  on  the  respective  sheets. 
XXXIV  to  XXXVI  Deflections  plotted  as  abscissas  and  loads  as 
ordinates  for  slabs  6,  8  and  9.     Curve  numbers  refer  to 
points  located  on  diagrams  XXXI  to  XXXIII. 
XXXVII  r-^  plotted  as  ordinates  and  W+W^  as  abscissas.  See 
pp.  46  to  50. 

XXXVIII  rg  plotted  as  ordinates  and  W+Wg  as  abscissas.  See 
pp.  46  to  50. 

XXXIX  Comparison  of  theoretical  values  of  r-^  and  r^  with  those 
based  on  the  deformations  measured  through  the  test. 
See  p.  47. 

XL  Comparison  of  values  of  r^  and  r^  based  on  maximum  load 
carried  by  slab  with  theoretical  values  and  with  load 
carried  by  a  beam.     See  pp.  43  and  44. 


XLI  Straight  line  showing  approximate  relation  betvireen  load 
carried  and  ratio  of  length  to  width.     See  p.  45. 
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2.  TABLES 


TABLE  I 


tsiat) ! 
J  No . : 

Size  y ; 
Feet  " 

Age* 
at ; 
•  test ; 
' days ' 

;  Total 

Load  in  Lbs. 

>    ^ ,  Unit  Load  in^  • 
;     Lbs.  per  sq.  rt.  ; 

•  At  : 
'  1st  : 
Crack: 

[ 

At 
35000  : 
lbs.  J 
rUnit  : 
Stress : 

•  Max. : 

At  ! 

Crack! 

•  At  : 
35000  • 
lbs. 

'Unit 
Stress : 

:     Max .  : 

:  1 

:  5x10 

:  50000 ' 

:     1000  : 

:  2 

:  5x5 

r  75 

\  15500 

: 22500 

:  38500 

:  620 

:     900  ' 

\     1540  : 

:  3 

:5x5 

:  78 

111500 

: 16500  ' 

•29500: 

•  460  ' 

:     620  ' 

:     1180  : 

►  Rv(n2/3 

.  7q 

r 17500 

: 24000 

: 40500 

:  525 

;  720 

1     1220  : 

:  5 

'5x5 

:  76 

:  20500 

:  29000 

:41500 

:  820 

1  1160 

:     1660  : 

:     6  ' 

:  5x5 

:  77  ' 

:  20500 

: 28500  ' 

•40000' 

:  820 

I  1140  ' 

:     1600  : 

:  7 

: 5x62/3 < 

:  70  ' 

:  9000! 

: 24000  ' 

'40500 

:  270  : 

•     720  : 

:     1220  : 

:  8 

: 5x81/3 • 

;  73  . 

:16500" 

•31500  ! 

49000! 

;  396  : 

•     758  : 

'     1180  : 

:  9 

: 5x8 1/3- 

'  77 

: 210001 

•32500  : 

•40500' 

:  505  • 

•     780  : 

975  : 

Averages 

•  5x5 

117000' 

; 24125  : 

•37300: 

•  680  ' 

•     880  ' 

:     1500  : 

: 5x62/5: 

: 13200: 

: 24000  : 

40500: 

400 

'     720  : 

'     1220  : 

5x8  Vs: 

•18200: 

•32000  : 

< 
< 

44700! 

450 

\     770  : 

'     1075  : 

TABLE  II 
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Strength  of  Cubes 


Cube  No.  Age  Lb.  per  sq.  in. 

Individual  Average 


1400 

1 

1305 

1373 

1415 

94 

2370 

2  &  3 

94 

2475 

2405 

94 

2370 

93 

2685 

4 

93 

2435 

2600 

93 

2685 

87 

2660 

5 

87 

2300 

2360 

87 

2140 

86 

2390 

6 

86 

2280 

2300 

86 

2240 

83 

2220 

7 

83 

2190 

2260 

86 

2360 

77 

2350 

8 

77 

2750 

2630  + 

77 

2780  + 

76 

25  20 

9 

76 

25  30 

2480 

76 

2400 
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TABLE  III 


. 

Load 

SLAB  NUMBER  2 

66 

Thou sane 

Panel 

Lbs . 

U 

L 

kd 

0.0 

.0000 

.0000 

.00000 

.00000 

0 

2.0 

0 

0 

0 

0 

0 

4.0 

6 

8 

1.0 

1 

2 

50 

7.0 

19 

30 

0.1 

0 

7 

2100 

10.0 

35 

60 

-0.2 

1 

16 

4800 

12.5 

52 

97 

-0.5 

3 

27 

8000 

15  .5 

80 

156 

-1.7 

7 

45 

13300 

17.5 

128 

273 

-1.2 

18 

82 

24200 

20.5 

180 

355 

-0.8 

18 

100 

30000 

23.5 

232 

482 

-1.0 

30 

145 

43000 

26.5 

POD 

—J.  .  JL 

40 

195 

56000 

29.5 

343 

772 

-1.3 

60 

235 

70000 

32.5 

415 

908 

-1.2 

—  OD 

CIT) 

ooUuU 

36.5 

5  38 

1068 

-0.8 

50 

310 

92000 

0.0 

.0000 

.0000 

.00000 

.00000 

0 

2.0 

9 

4 

6.0 

5 

1 

300 

4.0 

21 

9 

6.0 

7 

2 

600 

7.0 

41 

36 

3.0 

8 

4 

780 

10.0 

78 

81 

2.2 

12 

12 

3700 

12.5 

141 

149 

2.1 

22 

23 

6600 

15  .5 

260 

285 

1.9 

39 

47 

13300 

17.5 

372 

388 

2.2 

60 

60 

15000 

20.5 

70 

75 

22200 

23.5 

5  22 

5  29 

2.3 

90 

75 

20800 

?fi  -5 

5  90 

558 

2.6 

111 

1  J.  J. 

/U 

18600 

29.5 

642 

999 

0.2 

15 

245 

74000 

^  B 

0.0 

.0000 

.0000 

.00000 

.00000 

0 

A—D 

2.0 

1 

2 

-1.0 

0 

0 

4.0 

9 

8 

2.9 

2 

1 

200 

7.0 

21 

21 

2.4 

3 

3 

800 

10.0 

36 

44 

1.3 

4 

9 

2500 

12.5 

5  2 

68 

1.1 

5 

14 

4200 

15  .5 

72 

.  129 

-0.3 

3 

35 

10500 

17.5 

90 

162 

-0.4 

4 

44 

13200 

20.5 

100 

178 

-0.3 

4 

48 

14300 

23.5 

108 

184 

-0.1 

3 

49 

14400 

26.5 

120 

199 

0.0 

0 

5  2 

15  200 

29.5 

130 

230 

-0.4 

5 

63 

32.5 

135 

235 

-0.3 

4 

63 

Load 

SL 

1 

AB  NUMBER 

2 

Thousand 

Panel 

Lbs. 

U 

L 

kd 

C 

0.0 

.0000 

.0000 

.00000 

.00000 

0 

2.0 

9 

8 

2.9 

2 

1 

200 

4.0 

23 

20 

3.0 

5 

2 

400 

7.0 

52 

49 

2.0 

10 

6 

1800 

10.0 

92 

84 

2.8 

18 

9 

2800 

12.5 

146 

127 

3.0 

31 

12 

3600 

15.5 

246 

192 

3.5 

59 

10 

2800 

17.5 

350 

307 

3.0 

75 

30 

8000 

20.5 

460 

433 

2.6 

90 

50 

16000 

23.5 

589 

595 

2.3 

105 

80 

25000 

26.5 

710 

755 

2.1 

110 

120 

36000 

O  1 
C.  X 

n  2000 

32.5 

993 

1085 

1.9 

120 

180 

5  2000 

o.b 

.0000 

.0000 

.00000 

.00000 

0 

2.0 

1 

4 

-3.4 

1 

2 

4.0 

10 

13 

1.1 

1 

3 

800 

7.0 

28 

31 

1.8 

4 

5 

1500 

10.0 

47 

63 

1.0 

4 

14 

2400 

12.5 

67 

88 

1.1 

6 

18 

5100 

15.5 

101 

139 

0.8 

7 

31 

8900 

17.5 

129 

187 

0.6 

6 

43 

13000 

20.5 

154 

253 

0.0 

1 

65 

19300 

23.5 

181 

307 

0.0 

3 

80 

25000 

26.5 

197 

359 

0.5 

11 

100 

30000 

29.5 

118 

389 

2.8 

55 

135 

40000 

^B-C 

0.0 

.0000 

.0000, 

.00000 

.00000 

0 

2*0 

9 

8 

2.9 

2 

1 

200 

1 

4.0 

23 

24 

2.0 

4 

4 

1100 

1 

7.0 

44 

48 

1.9 

7 

8 

2400 

10.0 

79 

70 

2.9 

16 

7 

1900 

12.5 

125 

94 

3.7 

31 

4 

980 

j 

15  .5 

207 

145 

4.0 

54 

2 

800 

17.5 

296 

217 

3.8 

75 

6 

1500 

20.5 

403 

287 

4.0 

105 

1 

1100 

23.5 

5  21 

399 

3.7 

125 

2 

5000 

26.5 

640 

500 

3.5 

150 

3 

7000 

29.5 

881 

630 

3.9 

225 

1 

2000 

1, 

'.t:X 


Panel 


Load 
Thousand 
Lbs. 


B-C 


BI-.2 


0.0 
2.0 
4.0 
7.0 
10.0 
12.5 
1R.5 
17.5 
20.5 
23.5 
26.5 
29.5 


0  .0 
2.0 
4.0 
7.0 
10.0 
12.5 
15,5 
17.5 
20.5 
23.5 
26.5 
29.5 

0.0 
2.0 
4.0 
7.0 
10.0 
12.5 
15.5 
17.5 
20.5 
23.5 
26.5 


I  ' 
SLAB  NUMBER  2 


U 


.0000 
2 
8 
19 
36 
5  2 
88 
108 
121 
130 
143 
144 


.0000 
5 
14 
33 
59 
86 
147 
205 
272 
394 
319 
388 

.0000 
5 
8 
20 
32 
44 
50 
80 
123 
188 
249 


.0000 
1 
4 
16 
30 
44 
!74 

96 
129 
140 
146 
146 


.0000 
3 
14 
33 
59 
89 
169 
292 
308 
407 
517 
619 

.0000 
4 

9 
27 
44 

65 
99 

138 
163 
234 
180 


kd 


5.4 

5.5 
3.2 
3.2 
3.2 
3.2 
2.9 
2.1 
2.0 
2.2 
2.2 


4.7 
2.4 
2.4 
2.4 
2.2 
1.8 
0.6 
1.7 
2.2 
0.1 
0.1 


3.4 
1.8 
0.9 
0.8 
0.5 
0.4 
0.2 
0.7 
1.2 
3.8 


.00000 
0 
2 
4 
8 
11 
19 
22 
19 
20 
24 
25 


,00000 

1 

2 
6 
11 
16 
19 
12 
38 
65 
00 
00 

,00000 

1 
1 
1 

8 
2 
1 
2 

ix> 
20 

64 


68 


e 


8 


.00000 

1 
1 

3 
4 

6 

10 
20 
23 
21 
281 

.00000 

4 

5 
8 
13 

30 
67 
55 
60 
130 
155 

.00000 

2 
6 
10 
15 
26 
37 
35 
46 
4 


s 


300 
600 
900 
1500 
2900 
6000 
6700 
6300 
6300 


600 
1300 
2500 
3900 
8900 
19800 
16000 
19000 
31000 
46000 

9 

100 
400 
1680 
2800 
4400 
7700 
11(500 
10000 
13800 
1000 


Load 

1 

1 

69 

SLAB  NUMBEE 

.  2 

Thou sane 

Panel 

Lbs . 

It 

u 

T 

JL 

kd 

 ^ 

0.0 

- 

.00000 

.00000 

0 

2.0 

6 

3 

5.5 

2 

0 

4.0 

13 

Q 

4.1 

3 

0 

0 

7.0 

22 

19 

3.0 

5 

2 

500 

10.0 

32 

31 

2.5 

6 

4 

1100 

12.5 

44 

52 

1.5 

6 

10 

2800 

15.5 

64 

77 

1.5 

13 

15  1 

4100 

17.5 

90 

108 

1.5 

11 

21 

6200 

20.5 

102 

181 

J-     J*  I 

0.3 

4 

40  ' 

14700 

?'^.5 

130 

0.7 

-  11 

71 

26.5 

182 

0.6 

-  12 

95 

28000 

^3-4 

0.0 

.0000 

,0000 

.00000 

.00000 

0 

2.0 

1 

0 

0 

0 

4.0 

5 

3 

4.7 

1 

0 

7.0 

13 

13 

2.4 

2 

2 

500 

10.0 

26 

29 

1.8 

4 

5 

1400 

12.5 

41 

46 

1.8 

6 

8 

2200 

15.5 

72 

88 

1.4 

8 

17 

5000 

17.5 

102 

126 

1.3 

11 

25 

7100 

20.5 

164 

188 

-L  kJ 

1.7 

22 

34 

9500 

1  -fl 

to 

26.5 

288 

2.5 

55 

37 

10100 

0.0 

.0000 

•  \i  V/  \y  w 

.0000 

.00000 

.00000 

0 

2.0 

A 

1 

2 

1 

4.0 

3 

12 

5.4 

2 

5 

7.0 

34 

32 

2.6 

6 

4 

1100 

10.0 

60 

66 

1,9 

9 

11 

!  3100 

12.5 

83 

102 

1.4 

9 

20 

1  5600 

15.5 

139 

187 

0.7 

11 

40 

12300 

17,5 

192 

294 

0.4 

5 

72 

21000 

20.5 

259 

344 

0.9 

22 

70 

22200 

23.5 

331 

424 

1.1 

30 

85 

1  26000 

• 

26.5 

214 

530 

-  1.7 

-  50 

170 

1  50000 

!  1 

Load 

! 

S 

!  I 
LAB  NUMBER  2 

1 

1 

70 

Thousand 

Panel 

Lbs  • 

U 

L 

kd 

li 

c 

0.0 

.0000 

.0000 

* 

.00000 

.00000  , 

0 

2-3 

2,0 

4 

8 

0.8 

0 

2 

800 

4,C 

18 

20 

1.8 

2 

4 

1000 

7.0 

36 

33 

2.8 

7 

4 

1000 

10.0 

54 

52 

2.9 

12 

6 

1400 

12.5 

74 

69 

2.7 

13 

8 

2100 

15  .5 

117 

11 

17. R 

157 

131 

3.2 

44 

10 

2700 

20.5 

227 

243 

2.0 

35 

38 

10400 

23.5 

311 

342 

1.8 

45 

60 

16600 

26.5 

406 

451 

1.8 

60 

75 

22000 

0.0 

.0000 

.0000 

.00000 

.00000 

0 

3-4 

2.0 

4 

0 

2 

1 

4.0 

10 

8 

3.4 

2 

100 

7.0 

22 

23 

2.0 

4 

4 

1100 

10.0 

43 

46 

2.0 

7 

7 

2100 

12.5 

64 

69 

2.0 

10 

11 

3100 

15.5 

103 

287 

2.3 

34 

90 

17.5 

146 

167 

1.7 

20 

30 

9000 

20.5 

190 

250 

1.0 

17 

53 

15000 

23.5 

25  2 

336 

0.9 

21 

70 

20800 

26.5 

317 

439 

0.7 

2 

100 

28800 

\ 

• 

1 

Panel 


Load 
Thousand 
Lbs . 


I  I 
SLAB  NUMBER  3 


U 


kd 


's 


71 


'1-5 


B2-3 


B 


3-4 


Cl-2 


0*0 
3.0 
6.0 

9.0 
11.5 
14.5 
17.5 
20.5 
23.5 
26.5 
29.5 

0.0 
3.0 
6.0 
9.0 
11.5 
14.5 
17.5 
20.5 
25*5 
26.5 

0.0 
3.0 
6.0 
9.0 
11.5 
14.5 
17.5 
20.5 
23.5 
26.5 
29.5 

0.0 
3.0 
6.0 
9.0 
11.5 
14.5 
17.5 
20.5 
23.5 
26.5 
29.5 


.0000 
17 
27 
61 
93 
146 
231 
324 
402 
474 
586 

.0000 
17 
38 
57 
76 
122 
191 
226 
244 
226 

.0000 
13 
32 

58 
102 
178 
317 
456 
582 
684 
991 

.0000 
15 
37 
79 
124 
197 
317 
402 
481 
157 
517 


.0000 
23 
31 
63 
100 
175 
332 
448 
560 
690 
838 

.0000 
21 
46 
74 
99 
145 
208 
S67 
313 
358 

.0000 
20 
42 
75 
120 
248 
450 
628 
785 
950 
1465 

.0000 

28 

4 

95 
135 
240 
389 
5  25 
648 


0.8 
1.6 
2.2 
2.0 
1.5 
0.6 
0.8 
0.8 
0.6 
0.7 


1.2 
1.4 
1.1 
1.1 
1.5 
1.8 
1.5 
1.1 
0.2 


0.3 
1.0 
1.1 
1.6 
0.6 
0.6 
0.8 
0.9 
0.8 
0.5 


.00000 
1 
3 
10 
14 
18 
12 
2 
4 
2 
3 

.00000 
2 
4 
5 
7 
15 
29 
28 
24 
3 

.00000 
0 
3 
5 
13 
12 
20 
30 
4 
5 
40 


0.6  I  - 


1.5 
2.0 
1.4 
1.4 
1.1 
1.0 


.00000 
1 
15 
9 
19 
22 
35 
35 
35 


.00000 
5 
6 
9 
16 
S3 
75 
100 
125 
180 
195 

.00000 
4 
9 
15 
21 
27 
34 
49 
.60 
125 

.00000 
5 
9 
16 

22 
55 
100 
140 
170 
210 
350 

.00000 
9 
9 
18 
22 
46 
75 
110 
140 


0 

1500 
1600 
2600 
45  00 
9500 
22100 
28400 
35  300 
45  300 
5  3800 

0 

1200 
2500 
4400 
5800 
8000 
10100 
14300 
22000 
87000 

o' 

1800 
2600 
4400 
6200 
16700 
30000 
39700 
48600 
60000 
lOOOOO 

0 

^500 
2700 
5000 
6200 
13400 
21400 
31100 
38900 


1%^ 


^ 


4 


Load 
Thousand 
Panel  Lbs. 


U 


SLAB  NUMBER  3 


kd 


72 


C3-4 


1b-c 


0.0 
3,0 
6.0 
9.0 
11.5 
14.v«5 
17.5 
20.5 
23.5 
26.5 
29.5 

0.0 
3.0 
6.0 
9.0 
11.5 
14.5 
17.5 
20.5 
23.5 
26.5 
29.5 

0.0 
3.0 
6.0 
9.0 
11.5 
14.5 
17.5 
20.5 
23.5 
26.5 
29.5 

0.0 
3.0 
6.0 
9.0 
11.5 
14.5 
17.5 
20.5 
23.5 
26.5 
29.5 


.0000 
34 
67 
105 
142 
250 
383 
508 
613 
1100 
760 

.0000 
11 
36 
66 
118 
198 
308 
428 
530 
668 
998 

.0000 
2 
14 
29 
42 
56 
72 
94 
126 
184 
299 

.0000 
22 
55 
92 
140 
250 
357 
462 
5  38 
627 
800 


.0000 
27 
58 
100 
163 
284 
450 
584 
665 
769 
869 

.0000 
25 
55 
89 
134 
245 
402 
560 
751 
930 
1565 

.0000 
5 
12 
18 
25 
41 
95 

118 
98 
85 

109 

.0000 
22 
56 
119 
185 
326 
425 
542 
637 
742 
951 


3.4 
3.0 
2.6 
1.7 
1.7 
1.6 
1.7 
2.0 
4.1 
1.7 


1.4 
0.4 
1.0 
1.8 
1.2 
1.0 
1.1 
0.7 
0.8 
0.2 


1.7 
3.0 
4.5 
4.7 
3.8 
1.0 
1.3 
3.6 
5.8 
6.8 


2.3 
2.3 
1.1 
1.0 
1.0 
1.5 
1.6 
1.6 
1.6 
1.5 


.00000 

1^1 

20 
19 
35 
50 
70 
90 
285 
100 

.00000 
1 

1 

5 
16 
22 
25 
35 
30 
45 
15 

.00000 
Ol 
3| 
8 
12 
14 
6 
10 
30 
60 
107 

.00000 
4 
9 
9 
12 
23 
40 
60 
65 
75 
100 


.00000 
2 
5 
12 
29 
51 
80 
100 
110 
7 

150 

.00000 
8 
13 
19 
24 
48 
95 
115 
170 
210 
390 

.00000 
2 
1 
1 
2 
1 
20 
23 
5 
18 
43 

.00000 
3 
7 
25 
40 
65 
80 
100 
120 
140 
180 


0 

400 

1200 
3400 
8100 
14300 
21400 
29100 
33100 

44900 

0 

2000 
3800 
5  300 
6600 
14500 
24500 
33100 
48400 
58600 
113000 


300 
100 
500 
200 
5700 
6600 
1100 
5400 
12900 

0 

900 
2200 
7100 
9800 
20000 
22700 
28000 
32600 
37800 
50  200 


Panel  i 

Load 
Thousand 
Lbs  • 

I 

U 

SLAB  NUM^ 
L 

ER  5 
kd 

73 

0  aO 

r\  r\  r\  r\ 

.0000 

r\  r\  r\  r\ 

•  0000 

AAAAA 
.UUUUU  1 

•  UUUUU 

A 

U 

^A-B 

3*0 

7 

11 

A  O 

0.2 

A 
U 

•at 
0 

Ron 

ouu 

1  A 

14 

36 

O  A 

—  * 

1  T 
XX 

O^rUU 

9.0 

25 

66 

O  A 

f 

99 

on  uu 

11 

32 

101 

O  /I 
—  C.D 

1  A 
1* 

<90 

10400 

14.5 

47 

17  2 

— O  .  1 

0*7 

—  Of 

0  & 

1  Aonn 

XO<5UU 

17.5 

74 

24o 

o  o 

—  C.O 

—  iJO 

20  .5 

n  o 

92 

314 

o  o 

—  ;5.0 

A*? 

Tin 

X  xu 

0  <jUUU 

23.5 

74 

TOT 

mm                  f  O 

1  At^ 

Tlt**UUU 

26.5 

55 

476 

110 

145 

58000 

29.5 

84 

636 

14 

255 

0  .0 

•  0000 

•  UUUU 

AAAAA 

.  UUUUU 

n 
u 

3.0 

21 

21 

o  t 

c%o 

0 

nnn 

ouu 

6.0 

56 

47 

o  .  1 

1  o 

J-  o 

A. 

1 1  nn 

X  xuu 

9.0 

101 

Q£ 

o6 

O.  1 

OO 

91  nn 

oxuu 

11  .5 

IRQ 

loo 

loc 

<3  . 1 

OO 

XX 

0  oUU 

14.5 

2o6 

0>l  Q 

is4o 

T  n 
O.U 

Ol 

9^ 

A  onn 

D  oUU 

17  .5 

436 

yu 

TkU 

1  n  Ann 

xu  ^uu 

20  .5 

er  T  O 

578 

o  2o 

o  o 
<s.  o 

lie; 
llD 

ou 

1  Ann 

xn  ^uu 

23.5 

746 

64<5 

1  <IA 

xdu 

AO 

1 A  pnn 

XO  oUU 

26.5 

917 

736 

3.4 

210 

50 

11600 

29.5 

1179 

971 

2.8 

265 

70 

20000 

0  .0 

.0000 

•  UUUU 

•  UUUUU 

AAADA 
.  UUUUU 

n 

3.0 

6 

«3 

O  .D 

o 
c 

X 

6  .0 

14 

1  d 

O 

X 

ouu 

9.0 

26 

1  e. 
16 

f 

■~  X 

_  "^nn 
~  ouu 

11 .5 

96 

lo 

1 1 
XX 

0 

.  pnn 
*"  ouu 

14.5 

44 

22 

D  ..) 

1  A 
X% 

_        T  AAA 

•  xuuu 

17  .5 

5  2 

tr\ 
«5U 

A  Q 

ft.  y 

xo 

_  0 

_  pnn 

ouu 

20  .5 

56 

OO 

xo 

"*  X 

_  Ann 

"  ^uu 

23.5 

56 

•^•^ 

xo 

—  9 

26.5 

51 

23 

6.0 

17 

5 

-  i400 

29.5 

16 

3 

6.0 

6 

3 

3 

U.O 

•  0000 

A  AAA 

AHAAA 
.UUUUU 

A  AAnn 

.UUUUU 

u 

B-C 

3.0 

26 

«3U 

1  •  b 

0 

1  Ann 

xouu 

6  .0 

59 

^  it 

X  •  O 

0 

1  A 

Xnt 

AT  nn 

9  .0 

106 

i  39 

1  .  X 

y 

9Q 

ponn 

0  CUU 

11  .5 

161 

oi  o 

'             A  O 

U.O 

1  0 

X  c:; 

AP 

1  ^1  AA 

XftXUU 

1 

14  .n 

<266 

40o 

A  A 

xu 

1  on 

xuu 

oTTonn 

1  o^^yuu 

17  .5 

46o 

6a5 

A  Q 

u .  y 

00 

1  AO 

xtu 

TOT  nn 
oyxuu 

20  .5 

6  26 

on  o 

A  O 

AR 

1  on 

X  yu 

«;  ot^  n  A 

2«5.5 

f  f  1 

y 

J. .  ^ 

/^O 

OAn 

oOU 

c(*  OAA 

00  CUU 

26.5 

941 

1287 

0.9 

70 

345 

80000 

29.5 

1276 

1692 

1.0 

105 

360 

103000 

Load 
!  Thou sand 
Panel  Lbs 


4 


B-C 


0.0 
3.0 
6.0 
9.0 
11.5 
14.5 
17.5 
20.5 
23.5 
26.5 
29.5 

0.0 
3.0 
6.0 
9.0 
11.5 
14.5 
17.5 
20.5 
23.5 
26.5 
29.5 


U 


SLAB  NUMBER  3 


kd 


.0000 
10 
23 
48 
80 
170 
270 
365 
440 
5  27 
687 

.0000 
16 
42 

65 
86 
122 
132 
157 
180 
205 
245 


.0000 
4 
17 
30 
64 
221 
314 
479 
581 
674 
861 

.0000 
17 
40 
70 
99 
99 
176 
148 
174 
236 
274 


e 


s 


6.5 

3.8 

4.5 

3.4 

1.0 

1.2 

1.0 

1.0 

1.2 

1.3 


2.0 
2.6 
2.0 
1.7 
3.4 
1,0 
2.6 
2.4 
1.6 
1.8 


.00000 
3 
6 
13 
19 
15 
35 
30 
40 
50 
70 

.00000 
3 
8 
10 
11 
30 
11 
30 
33 
27 
35 


74 


s 


.00000 

1 

0 

1 

4 

46 

55 
100 
120 
135 
175 


0 

300 
100 
300 
1000 
14000 
19000 
29100 
35100 
38900 
48200 


.00000 

0 

3 

800 

5 

1300 

11 

3100 

18 

4900 

7 

2000 

38 

10700 

18 

5100 

22 

6600 

42 

125  00 

47 

13400 

1 

75 

LiOelQ 

SLAB  NUMBER  4 

Panel 

Lbs  • 

U 

L 

kd 

ec 

es 

^A-B 

0  .0 

.0000 

•  0000 

r\f\C\(\C\  1 
•UUUUU 

.  UUUUU 

u 

3.0 

( 

1 

t. 
O 

_  o 

.  Ann 

6  .0 

on 

10 

5  .5 

O 

_  o 

9«0 

27 

10 

6.7 

r 

—  ^  nnn 
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•  37 

12 

7.0 

O 

-  1 7nn 

14.5 

47 

16 
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J.  f 
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24 

7.3 

9P 

&o 

-  7Qnn 

23.5 

AT 

29 
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OO 
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26  .5 

luy 

32 
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-  '=;pnn 
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39 

7.4 

21 
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32.5 
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42 

7.5 

00 

-  7Qnn 

35  .5 

54 

7.4 

*"  ou 

_  pp.nn 

38.5 

199 

79 

6.5 

72 

25 

-  7800 

40.5 

217 

97 

6.0 

72 

23 

-  7000 

o»o 

c\r\t\r\ 

.0000 

.UUUUU 

«  UUUvU 

3.0 

9 

15 

1 1  nn 

X  xuu 

6  .0 

32 
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Xv/ 

•^nnn 
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2o 

57 

-  1.7 
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XO 
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oo 
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ox 
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wX 
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AR 
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1  'Z.I 
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X  xu 
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J  owww 

29.5 
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485 

-  0.5 

—  XO 

X 

32.5 
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586 

-  0.4 

—  XO 

X  DU 

Aonnn 

35  .5 

396 

708 

-  0.3 

X  57  n 

cpnnn 
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519 

894 

-  0.2 

15 

235 

70000 

40.5 

875 

'  1150 

1.1 

75 

245 

i       7  2000 

1  0.0 

.0000 

.0000 

♦UUUUU 

nnnnn 

n 
u 

3.0 

o 

o 

11 

0.9 

n 
u 

o 
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1  WW 
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21 

19 

2.8 

A. 

o 
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DUU 
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37 

31 

3.2 

o 
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f  w  w 
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45 

39 
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XW  WW 

14.5 

e  a 

OO 

56 

2.5 

1 1 

X  X 

7 

PI  00 

cxw  w 

17  .5 

91 

86 
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X  r 

XX 

•^1  nn 

OXwU 

20  .5 

lO  C. 

.  173 

1.7 

<sx 

wV.1 

Ronn 

O  i?  w  w 

23.5 
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1.4 

O  X 

1 AQOO 

i 

26  .5 

col 
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1.0 

9*> 

7*; 

p^noo 

coww  w 

1 

29.5 

343 
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0.8 

oD 

xuo 

Ti  nnn 

ox  WwV^ 

32.5 

4Uo 
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0.7 

oO 

X  (JW 

•^pnnn 

vJOW  WW 

35  ♦S 
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oO 

xou 

APnnn 

•rOU  WU 

38.5 

631 

929 

0.5 

25 

220 

66000 

! 

1 

40.5 

264 

1210 

-  25 

455 

V 


Load 
Thousand 
Panel  Lbs 


U 


D.O 
3.0 
6,0 
9.0 
11.5 
14.5 
17.5 
20.5 
23.5 
26.5 
29.5 
32.5 
35.5 
38.5 
40.5 

0.0 
3.0 
6.0 
9.0 
11.5 
14.5 
17.5 
20.5 
23.5 
26.5 
29.5 
32.5 
35.5 
38.5 
40.5 

0.0 
3.0 
6.0 
9.0 

11.5 
14.5 
17.5 
20.5 
23.5 
26.0 
29.5 
32.5 
35  .5 
38.5 
40.5 


.0000 

3 
11 
20 
27 
38 
56 
90 
120 
150 
180 
214 
250 
320 
408 

.0000 
8 
14 
21 
33 
47 
74 
120 
168 
210 
260 
326 
420 
5  30 
765 

.0000 
8 
21 
31 
43 
60 
80 
98 
112 
130 
150 
160 
172 
210 
217 


3 


SLAB  NUMBER  4 


kd 


.0000 
5 
11 
17 
23 
31 
72 
83 
122 
162 
183 
208 
263 
361 
498 

.0000 
7 
22 
36 
49 
67 
102 
158 
219 
272 
355 
446 
519 
650 
918 

.0000 
8 
17 
30 
48 
64 
94 
125 
155 
191 
223 
25  3 
332 
429 
482 


2.55 
2.3 
3.1 
3.2 
3.3 
3.6 
2.8 
2.3 
2.0 
2.3 
2.5 
2.1 
1.8 
1.4 


3.0 
0,2 
0.2 
0.4 
0.6 
0.8 
1.0 
1.0 
1.0 
0.8 
0.8 
1.4 
1.4 
1.4 


2.3 
3.4 
2.5 
1.8 
2.0 
1.6 
1.2 
0.8 
0.6 
0.4 
0.1 
0.8 
1.0 
1.2 


76 


.00000 
0 
2 
4 
6 
8 
13 
18 
20 
23 
31 
39 
40 
45 
45 

.00000 
2 
0 
0 

1 

3 

5 
10 
15 
19 
19 
20 
45 
60 
90 

.00000 
1 
5 
6 
6 
9 
10 
9 
7 
6 
6 
2 

-  15 

-  25 

-  35 


.00000 
1 
2 
1 
2 
2 
2 
9 
18 
26 
26 
27 
41 
65 
95 

.00000 
1 
6 
9 

12 
16 
23 
34 
46 
57 
75 
100 
100 
130 
175 

.00000 
1 
1 
4 

8 
10 
17 
26 
35 
45 
53 
63 
95 
125 
150 


0 

400 
400 
400 
500 
600 
400 
2400 
5100 
7700 
77000 
8000 
11800 
19000 
29000 

0 

100 
1700 
2800 
3400 
4600 
6800 
9900 
13600 
16700 
23000 
30000 
30000 
37000 
51000 

0 

300 
300 
700 
2500 
3000 
5000 
7500 
10200 
13100 
15700 
18800 
29000 
38000 
44000 


Load 
Thousand 
Panel  Lbs. 


^3-4 


^4-5 


B 


3-4 


0.0 
3.0 
6.0 
9.0 
11.5 
14.5 
17.5 
20.5 
23.5 
26.5 
32.5 
35.5 
38.5 
40*5 


U 


SLAB  NUMBER  4 


kd 


.0000 
2 

to 

15 
22 
31 
47 

69 
90 

108 
144 
167 
198 
213 


.0000 
2 
4 
11 
20 
31 
50 
73 
93 
115 
145 
160 
178 
180 


2.3 

6.5 

3.8 

2.8 

2.3 

2.0 

2.1 

2.2 

2.1 

2.3 

2.6 

2.9 

3.1 


0.0 

.0000 

.0000 

3.0 

0 

0 

7.0 

6.0 

3 

1 

9.0 

12 

3 

8.- 

11.5 

20 

6.4 

14.5 

32 

13 

17.5 

53 

32 

4.7 

20.5 

100 

97 

2.5 

23.5 

135 

139 

2.2 

26.5 

172 

195 

1.8 

29.5 

202 

239 

1.6 

32.5 

234 

287 

1.4 

35.5 

282 

357 

0.8 

38.5 

377 

509 

0.8 

40.5 

612 

851 

i  0.8 

0.0 

.0000 

.0000 

5.0 

3.0 

5 

6.0  1 

24  1 

18 

3.7 

9.0 

38 

34 

2.8 

11.5 

57 

52 

2.8 

14.5 

84 

70 

3.2 

17.5 

125 

106 

3.1 

20.5 

204 

198 

2.5 

23.5 

281  . 

296 

2.0 

26.5 

359 

398 

1.8 

29.5 

446 

499 

1.8 

32.5 

537 

593 

1.8 

35  .5 

654 

704 

2.0 

38.5 

834 

911 

1.9 

40.5 

1214 

816 

77 


s 


,00000  ' 

.00000 

0 

0 

0 

0 

3  1 

1 

4 

0 

0 

4 

2 

700 

6 

5 

1200 

7 

Q 

11 

11 

3400 

15 

14 

4000 

17 

14 

5  300 

25 

20 

6000 

31 

20 

6000 

40 

19 

5500 

47 

15 

4300 

.00000 

.00000 

0 

0 

1 

4 
7 
11 
15 
18 
23 
24 
25 
26 
29 
30 
40 

.00000 
3 
6 
8 

111 
19 
27 
37 
46 
50 
65 
75 
100 
120 
320 


01 
0 
2, 
3i 
4 
2 
12 
21 
34 
44 
56 
70 
110 
190 

•00000 
0 
0 
4 
6 
6 
9 
26 
45 
70 
85 
100 
115 
150 
50 


700 
1100 
.  1000 
500 
3600 
6100 
10000 
13000 
16500 
21000 
34000 
5  8000 

0 

100 
1000 
1800 
1700 
2700 
7500 
13300 
19500 
25  000 
29000 
34000 
45000 


Panel 


Load 
Thousand 
Lbs. 


U 


B4-5 


C3-4 


C4-5 


0.0 
3.0 
6.0 
9.0 
11.5 
14.5 
17.5 
20.5 
23.5 
26,5 
29.5 
32.5 
35.5 
38.5 
40.5 

0.0 
3.0 
6.0 
9.0 
11.5 
14.5 
11.5 
20.5 
23.5 
26.5 
29.5 
32.5 
35.5 
38.5 
40.5 

0.0 
3.0 
6.0 
9,0 
11.5 
14.5 
17.5 
20.5 
23.5 
26.5 
29.5 
32.5 
35.5 
38.5 
40.5 


SLAB  NUMBER  4 


.0000 
2 
10 
16 
24 
32 
45 
67 
92 
114 
147 
174 
194 
224 
302 

,0000 
15 
37 

58 
78 
106 
167 
284 
397 
512 
637 
758 
911 
1144 
1634 

.0000 

5 

13 
18 
28 
36 
43 
54 
58 
63 
58 
54 
41 
26 
4 


kd 


,0000 

1 

6 
13 
23 
35 
56 
91 
131 
173 
229 
286 
358 
461 
732 

,0000 
15 
37 
65 
91 
124 
199 
349 
509 
682 
845 
1014 
1211 
1545 
2270 

,0000 

5 
14 

19 
27 
38 
52 
62 
73 
79 
86 
83 
78 
69 
69 


78 


5.5 

4.7 

3.4 

2.6 

1.9 

1.3 

0,9 

0.7 

0.4 

0.2 

0.0 

•0.5 

0.9 

1.6 


2.3 
2.3 
1.8 
1.6 
1.6 
1.5 
1.3 
1.2 
1.0 
1.0 
1.0 
1,0 
0.9 
0.9 


2,3 
2.0 
2.0 
2.5 
2.1 
1.4 
1.7 
1.3 
1.3 
0.5 
0.3 
0.6 
2.0 


.00000 
0 
3 
4 
4 
5 
5 
5 
5 
3 
3 
0 
2 
25 
65 

.00000 
2 
6 
8 
10 
13 
20 
32 
35 
40 
50 
80 
75 
90 
105 

,00000 

1 

2 
3 
5 
6 
5 
7 
6 
6 
2 
1 
3 
7 
18 


,00000  ' 
0 
0 

1 

3 
6 

8 
20 
30 
42 
57 
74 
100 
135 
230 

,00000 
2 
6 
11 
23 
83 
37 
70 
105 
150 
180 
220 
260 
335 
510 

.00000 
1 

2 
S 
4 
6 
10 
10 
15 
16 
21 
21 
22 
23 
32 


300 
800 
1700 
3400 
6000 
8900 
12500 
16900 
21700 
30000 
40000 
68000 

!l 

0 

600 
1500 
3300 
4900 
6700 
11000 
23000 
30000 
44000 
5  3000 


0 

200 
600 
900 
1000 
1600 
3000 
3300 
4400 
4700 
6100 
6100 
6700 
6800 
9400 


• 

1 

1 

79 

Load 

SLAB  NUMBER  5 

rhousand 

Panel  , 

Lbs .  , 

U 

L 

kd 

c 

1 

0.0 

.0000 

,0000 

. UUUUU 

. UUUUU 

^A-B 

3.0 

2 

1 

5.5 

U 

U 

u 

6.0 

8 

3 

6.7 

o 

—  X 

9.0 

12 

7 

4.9 

X 

11.5 

19 

9 

5.7 

D 

p 

14.5 

30 

15 

5.5 

xu 

o 

17.5 

50 

32 

4.4 

x4 

X 

20.5 

70 

52 

3.8 

i.  f 

o 

AOO 

23.5 

100 

86 

3.1 

oo 

cd 

o 

CO\J\J 

26.5 

140 

151 

2.5 

27 

Xo 

29.5 

175 

171 

2.4 

A  1 

oo 

A70n 

32.5 

218 

220 

to 

OO 

ox 

01  on 

i.\jyj 

35.5 

255 

269 

2.1 

A'y 
4i 

1 1  "^nn 

38.5 

295 

329 

1.8 

42 

55 

16000 

41,5 

360 

407 

1.7 

50 

70 

21000^1 

0.0 

.0000 

.0000 

.UUUUU 

• UUUUU 

on 
uu 

3.0 

8 

8 

2.3 

1 

X 

•Sinn 
ouu 

6.0 

13 

20 

0.3 

U 

0 

1  e^no 

Xo  w  w 

9.0 

27 

32 

1.5 

v 

o 

o 

X  f  \J\J 

11.5 

34 

47 

0.8 

o 

c, 

in 
xu 

Ol  00 

14.5 

51 

70 

0.9 

o 

XO 

AAOO 

17.5 

61 

106 

-  0.2 

o 

—  Ci 

OO 

20.5 

91 

140 

0.3 

n 

c. 

OO 

1  n  ono 

23.5 

141 

201 

0.7 

o 

o 

Aft 

X  OOU  V 

26.5 

181 

258 

0.7 

1  (\ 
xXj 

Art 
ou 

1  7A00 

X  f  ouu 

29.5 

221 

314 

0.7 

1  t 
J.O 

f  u 

Ol  OOO 

32.5 

236 

340 

U  .6 

J.  Cs 

C5U 

c^UUU 

35  .5 

265 

377 

0.7 

15 

ou 

oe?nnn 

<oDUUU 

38.5 

296 

409 

0.7 

23 

90 

28000 

41.5 

336 

483 

0.6 

20 

110 

35000 

0.0 

.0000 

.0000 

.  UUUUU 

.UUUUU 

n^^ 

3.0 

9 

3 

7.2 

•3! 
0 

—  X 

—  QUU 

6.0 

2 

6 

-  2.4 

n 

—           •  X 

o 

c 

AOO 

9.0 

7 

14 

-  0.8 

—  X 

1 1  oo 
X  X  uu 

11.5 

10 

23 

-  1.4 

o 

—  c. 

7 

f 

Ol  oo 

CXUU 

14.5 

19 

35 

-  0.6 

—  X 

xu 

oonn 

17  .5 

28 

49 

-  0.3 

X 

AO  00 

*rU  UU 

20.5 

40 

68 

-  0.1 

X 

xo 

n  ouu 

23.5 

60 

96 

0.2 

n 
u 

OA 

AOOO 

DUUU 

26.5 

79 

136 

-  0.2 

o 

—  i 

■^ft 
OO 

1  OROO 
xuouu 

29.5 

100 

194 

-  0.7 

Do 

1  A  AOO 

xo  DUU 

32.5 

111 

227 

-  0.9 

—         X  o 

O  1 

1  QQOO 
X  y  yuu 

35  .5 

120 

268 

-  1.3 

—  ex. 

O  c 

OOO 

OT)  C/UU 

38.5 

125 

314 

-  1.8 

31 

100 

30000 

41.5 

119 

350 

-  2.4 

44 

120 

35  000 

! 

80 

Load 

SLAB  NUMBER  5 

Tin  on  s  ana 

Panel 

Lbs .  1 

U 

T. 

K  n 

0.0  1 

.0000 

.00000 

.00000 

0 

B-C 

3.0 

2 

10 

2 

4 

1000 

6.0 

29 

3.7 

7 

1 

4U0 

9.0 

46 

57 

3  .4 

11 

2 

800 

11.5 

61 

A9 

4.1 

16 

0 

0 

14.5 

88 

73 

3-3 

20 

6 

1700 

17.5 

127 

2-8 

25 

13 

3S00 

20.5 

174 

2.3 

31 

24 

7200 

23.5 

245 

1.7 

32 

51 

13000 

26.5 

321 

390 

1.4 

35 

75 

22000 

29.5 

407 

698 

-  0.2 

10 

185 

55000 

32.5 

474 

575 

1.4 

60 

110 

340U0 

35.5 

546 

667 

1.4 

60 

130 

38000 

■JO  .  o 

642 

771 

1 .5 

75 

145 

43000 

41.5 

789 

1 .5 

90 

180 

54000 

0.0 

.0000 

.00000 

.00000 

0 

A-B 

3.0 

3 

4.2 

1 

0 

6.0 

8 

6.7 

3 

-  1 

-  200 

9.0 

10 

4 

6 .5 

3 

1 

-  300 

11.5 

18 

4. 

6.7 

7 

-  4 

-  900 

14.5 

23 

7 

6.7 

8 

4 

-  1000 

17.5 

28 

11 

6.7 

10 

4 

-  1000 

20.5 

36 

11 

13 

-  6 

-  1600 

23.5 

40 

14 

6.9 

14 

6 

-  1700 

26.5 

48 

99 

5,9 

15 

5 

-  1400 

29.5 

48 

41 

3.1 

10 

4 

1000 

32.5 

48 

57 

1.5 

6 

10 

3100 

35.5 

48 

84 

-  0.3 

2 

23 

6800 

46 

114 

-  1.7 

11 

37 

10800 

41.5 

28 

1   -  24 

49 

14700 

1    3r  p 

0.0 

.0000 

•  \j\j\J\j 

1 

.00000 

.00000 

0 

3.0 

11 

i  11 

X  X 

2.3 

2 

f\  f\  f\ 

900 

6.0 

26 

26 

2. 3 

4 

4 

1000 

9.0 

49 

«5l 

X 

2.  2 

8 

8 

2200 

11.5 

62 

7*^ 

1.6 

8 

13 

4000 

14.5 

93 

99 

2.1 

15 

16 

4700 

17.5 

136 

1  4.9 

1.7 

20 

25 

7200 

20.5 

184 

??7 

1.4 

20 

45 

13100 

23.5 

285 

1.2 

29 

75 

21000 

26.5 

392 

4Q*> 

1.2 

40 

100 

30000 

29.5 

508 

619 

1.4 

60 

120 

36000 

32.5 

589 

715 

1.4 

70 

140 

40000 

35.5 

680 

821 

1.5 

80 

16C 

1  47000 

38.5 

794 

948 

1.5 

95 

180 

1        5  3000 

41.5 

964 

119S 

1.4 

130 

23C 

1  69000 

1. 

81 

T  ^  ^ 

Load 

SLAB  NUMBER  5 

rhousand 

Panel 

Lbs 

U 

L 

kd 

©0 

fa 

0.0 

,0000 

.0000 

r\  r\  r\  r\  r\ 

.00000 

•OUUOO 

0 

^2-1 

3.0 

5 

1 

—  ouu 

6.0 

7 

4 

4.9 

2 

U 

—  cUU 

9.0 

15 

13 

3.0 

3 

1 

11.5 

21 

21 

2.3 

4 

3 

yuu 

14.5 

29 

28 

2.5 

5 

4 

lUUU 

17.5 

48 

37 

2.6 

XX 

20.5 

62 

54 

3.0 

xo 

1  ijUU 

23.5 

102 

160 

2.5 

1  o 

18 

xo 

26.5 

151 

168 

1.8 

22 

OA 

29.5 

217 

267 

1.4 

24 

ft  O 

xo  hmkj 

32.5 

307 

O  CD 

OU 

xr>\j\j\j 

35  .5 

389 

38.5 

41.5 

0.0 

.0000 

.0000 

•00000 

•UUUUU 

U 

3.0 

4 

2 

5.5 

J. 

U 

6.0 

6 

6 

3.2 

1 

n 
U 

9.0 

10 

5 

5.5 

ft 

o 

n 

U 

11.5 

13 

8 

4.7 

o 

n 
u 

U 

14.5 

19 

14 

3.7 

0 

u 

u 

17.5 

26 

20 

3.6 

6 

1 

4UU 

20.5 

33 

19 

4.8 

1  A 
10 

—  1 

—  4uU 

23.5 

38 

19 

5.5 

1 

•r 

—  «5 

—  oUU 

26.5 

39 

34 

3.0 

Q 
O 

O 

oUUU 

29.5 

47 

41 

3.0 

iU 

4 

IIUU 

32.5 

61 

o  .  o 

1  K 

f  uu 

35  .5 

69 

50 

3.8 

17 

I 
X 

38.5 

86 

49 

4.9 

26 

4 

-  1300 

41.5 

105 

70 

4.3 

28 

1 

300 

0.0 

.0000 

.0000 

.00000 

i  .UOOUO 

0 

*4-3 

3.0 

1 

0 

u 

U 

U 

6 .0 

7 

3 

6.2 

2 

f\ 
0 

—  100 

9.0 

10 

8 

3.4 

2 

1 

0 

11  .5 

16 

13 

3  3 

1 

100 

14.5 

24 

16 

4.2 

6 

0 

—  100 

17.5 

35 

22 

4.5 

10 

—  1 

OA  A 
—  200 

20.5 

50 

35 

4.0 

13 

U 

1  A  A 

100 

23.5 

90 

72 

3.4 

21 

5 

1400 

26.5 

138 

151 

1.9 

20 

25 

V400 

29.5 

182 

1  241 

1.0 

15 

e  o 

5  2 

T  e  OAA 

In  200 

32.5 

212 

313 

0.5 

9 

70 

Ol  AAA 
21000 

35.5 

250 

391 

0.2 

5 

95 

29000 

41.5 

330 

556 

-  0.1 

0 

140 

43000 

Panel  , 

Load 
Thou  sane. 
Lbs . 

U 

SLAB  NuL 
L 

BER  5 
kd 

— — - 

©8 

82 

no 

-0000 

.0000 

.00000 

.00000 

0 

^2-1 

20 

2 

8 

5 

-  1500 

O  •V/ 

?7 

9 

7.0 

10 

4 

-  1200 

Q  n 
if  •  \j 

36 

20 

5  .0 

11 

2 

6001! 

11  .5 

42 

26 

4.5 

12 

1 

300 

X  ^  • 

58 

37 

4.5 

16 

1 

300 

17  «i 
X  »  •  o 

79 

46 

4.8 

23 

3 

-  1000 

oU  •  c? 

113 

86 

3.7 

27 

4 

1100 

171 

155 

2.8 

35 

12 

5000 

246 

260 

2.0 

39 

40 

11800 

342 

369 

2.0 

55 

60 

18000 

405 

446 

^w 

1.9 

60 

70 

21000 

on 

400 

545 

1.9 

70 

90 

28000 

38,5 

567 

651 

1.7 

75 

115 

35000 

41.5 

678 

812 

1.5 

80 

150 

45000 

no 

.0000 

.0000 

.00000 

.00000 

0 

^3-2 

A 
t 

9 

-  1.3 

1 

3 

O  «  V/ 

15 

-  0.2 

2 

5 

1400 

Q  n 

12 

22 

-  0.5 

1 

6 

1900 

X  X  • 

20 

32 

0,1 

0 

8 

2300 

1  A.*^ 
X    •  c 

27 

47 

-  0.2 

1 

13 

3800 

17 

X  /  •  Q 

46 

68 

0.5 

2 

16 

4900 

51 

68 

-  0.2 

1 

24 

7000 

Rl 

121 

0  .5 

3 

20 

8000 

Pfi 

Q6 

156 

0.1 

0 

40 

11900 

PQ  ^ 

101 

197 

-  0.7 

9 

56 

16700 

•^P  «5 

116 

X  X  Q 

226 

OW 

-  0.7 

11 

65 

19300 

on  •  o 

117 

257 

-  1.2 

9 

78 

23100 

38.5 

134 

296 

-  1.3 

22 

91 

26700 

41.5 

144 

343 

-  1.6 

31 

110 

32000 

p 

.0000 

.0000 

.00000 

.00000 

0 

^4-3 

4 

2 

5  .5 

i  1 

0 

0 

Q 

11 

2.4 

1 

2 

500 

19 

18 

2.6 

3 

2 

600 

1 1 

X  X  .  CJ 

29 

25 

3.0 

6 

1 

600 

xtt  •  r> 

46 

32 

4.0 

12 

0 

0 

17"% 

66 

43 

4.3 

18 

1 

300 

pn 

Q4 

59 

4.5 

27 

2 

700 

15  P 

114 

3.7 

37 

4 

1300 

Pfi  «^ 

?36 

189 

1  3.4 

69 

12 

4700 

PQ  «^ 

■^IP 

264 

3.2 

70 

22 

8000 

•J  (O  •  r? 

370 

313 

3.1 

80 

25 

9000 

4-34 

361 

3.2 

95 

30 

9000 

38.5 

510 

425 

3.2 

115 

35 

10000 

41.5 

654 

503 

3.6 

155 

25 

6000 

r 

Panel 

Load 
rhousand 
Lbs . 

c 

U 

>LAB  NUMbI 
L 

:r  5 

kd 

83 

^1-2 

i 

0.0 

.0000  ' 

.0000 

.  00000 

.00000 

0 

1? 

1 

i 

i?88 

9.0 

29  1 

o4 

1  .  D 

*r 

1900 

11.5 

37 

46 

"r 

Q 

2600 

14.5 

58 

55 

<s.  6 

X  X 

7 

2700 

17.5 

80 

OA 

1  A. 

11 

3200 

20.5 

104  : 

lOo 

o 

<c  .  o 

1  R 

xo 

4800 

23.5 

168 

17  / 

O  o 
a*  C 

97 

8100 

26.5 

226 

25  o 

1 .  o 

43 

12800 

29.5 

286 

1  .  iJ 

70 

21000 

32.5 

363 

432 

1  K 
1.0 

25000 

35  .5 

396 

515 

1.1 

1 10 

34000 

38.5 

464 

608 

1.1 

40 

130 

39000 

41.5 

5  33 

746 

0.8 

30 

170 

51000 

0.0 

.0000 

A  AAA 

.uuuu 

AAnnn 

.  UUUUVJ 

.00000 

0 

^2-3 

3.0 

15 

14 

c.  o 

9 

500 

6.0 

30 

29 

O  ts. 

tj 

4. 

1100  1 

9.0 

46 

o.  ^ 

R 

O 

1900 

11.5 

62 

By 

O  /5 
o.  t3 

X  o 

7 

2100 

14.5 

79 

OK 

c.  U 

X  O 

14 

4000  II 

17.5 

10  2 

116 

1  .  O 

±11 

20 

Ct\J 

6000 

20.5 

157 

161 

94 

7000 

23.5 

242 

OC  A 

C%  c. 

AO 

37 

10900  1 

26.5 

342 

IK  A 

35  U 

o  o 

50 

14000 

29.5 

450 

^  >l  A 

44y 

O  'K 

80 

60 

19000 

32.5 

^  ^  ^ 

505 

e  1  A 

519 

o  o 

R^ 

22000  1 

35.5 

579 

K  OA 

5oy 

1  no 

XW  v 

85 

26000 

38.5 

669 

692 

2.2 

110 

100 

30000 

41.5 

8^5 

!  913 

1.9 

120 

150 

45000 

^3-4 

0.0 

.0000 

A  A  A  A 

-00000 

0 

3.0 

6 

rf 

1 

1  .  O 

1 

1 

400 

6.0 

20 

15 

R 

O 

1 

150 

9.0 

30 

26 

o  .u 

D 

3 

700 

11 .5 

40 

36 

o.  O 

Q 

o 

4 

1000 

14.5 

55 

4o 

•J  .  u 

XX 

5 

1400 

17.5 

88 

71 

o .  ft 

OA 

1400 

20.5 

100 

1  A  "St 

103 

o  o 
c.  ^ 

X  / 

15 

4400 

23.5 

150 

T  OA 
IbO 

1  A. 
1  •  4 

xo 

34 

9900 

26.5 

200 

274 

A  ft 

x^ 

60 

17900 

29.5 

260 

373 

A  A 

Xrr 

R5 

26000 

32.5 

320 

451 

A  •? 

Ci\J 

100 

31000 

<x.  V/  V/  vy 

35  .5 

37  3 

n  oH 

U  .  O 

OA 

125 

37000 

38.5 

437 

(^2 

0.5 

20 

150 

1  45000 

41.5 

515 

753 

0.5 

25 

175 

5  300 

1 

1 

SLAB  NUMBER  6 

rhousand 

Panel 

Lbs .  1 

U  j 

L 

kd 

f 

 8  : 

0  •0  1 

•  UUOU 

.0000 

.00000 

.00000 

0 

^2-3 

3*0 

ey 

2 

2«4 

100 

6  aO 

I 

10 

0.7 

0 

2 

700 

9  #0 

T  0 

17 

0»7 

1 

4 

1100 

11  aO 

1  n 

X  f 

22 

1.0 

2 

5 

1400 

14»5 

30 

1.0 

2 

6 

1800 

17  .5 

0<J 

40 

1.4 

4 

8 

2200 

20  .5 

45 

2.0 

6 

7 

2000 

Aft 

47 

2.4 

8 

7 

1700 

26  •0 

55 

2.3 

9 

8 

2100 

29  •5 

AH 

63 

2.1 

10 

10 

2700 

32«5 

/  C 

76 

2.1 

11 

12 

3300 

fit; 

93 

1.9 

13 

18 

4800 

38.5 

98 

110 

1.8 

14 

19 

5800 

37.5 

122 

137 

1.8 

17 

24 

7000  1 

0.0 

•  uuuu 

.0000 

.00000 

.00000 

0 

3.U 

rt 

0 

5 

0.0 

0 

1 

400 

6  #0 

14 

2.0 

2 

2 

700 

9  aU 

CO 

25 

2.8 

6 

3 

800 

11  .0 

30 

2.6 

6 

4 

1000 

41 

3.0 

10 

4 

1200 

17  aO 

Ox 

55 

2.9 

12 

6 

1800 

20  aO 

00 

80 

2.6 

16 

10 

2900 

23.5 

x^o 

167 

1.6 

21 

29 

8500 

26  •o 

c%0 

256 

2.0 

39 

39 

11500 

29 .5 

00  A 

373 

1.2 

30 

70 

24000 

32.5 

454 

1.0 

30 

90 

29000 

Te  e 
35  aO 

589 

0.6 

20 

135 

41000 

38.5 

472 

634 

1.0 

35 

135 

42000 

37.5 

624 

844 

0.9 

45 

185 

55000 

0.0 

•  UUUU 

.0000 

.00000 

.00000 

0'' 

^2-3 

•St  r\ 

1 

9 

1.2 

1 

2 

600 

0  aO 

xO 

20 

1.8 

3 

4 

1000 

9.0 

00 

34 

2.2 

5 

5 

1600 

11  .0 

A^K 

45 

2.2 

7 

7 

2200 

14.5 

ou 

65 

2.0 

9 

11 

3200 

1  /  .5 

OX 

87 

2.0 

12 

14 

4200 

20  .J? 

xu  f 

103 

2.6 

20 

13 

4000 

XftU 

117 

3.2 

31 

9 

2700 

0/*  e 

26  .5 

xoy 

138 

3.8 

48 

4 

1000 

29 

(SX  V 

143 

4.3 

60 

3 

400 

•7  0    C  • 

126 

5.5 

80 

21 

6400 

00  .5 

107 

6.7 

101 

39 

-  11800 

38.5 

309 

169 

5.1 

95 

25 

8000 

1 

37.5 

369 

467 

1.2 

35 

90 

29000 

Panel 


'2-3 


'3-4 


1 

1 

1 

1 

1 

85 

Load 

SLAB  NUMBER  6 

Thousand 

Lbs . 

-  U 

L 

kd 

0.0 

.0000 

.0000 

.00000 

,00000 

0 

3.0 

8 

7 

3.0 

2 

0 

200 

6.0 

18 

21 

1.6 

2 

4 

1400 

9.0  J 

32 

40  , 

1.2 

8 

2500 

11.5 

39 

50 

1.2 

4 

10  1 

3200 

17.5 

87 

97 

1.8 

12 

16  ! 

4900 

20.5 

114 

145 

1.2 

11 

30 

8900 

23.5 

182 

191 

2.0 

30 

29 

8600 

26.5 

290 

405 

0.7 

20 

90 

28000 

29.5 

346 

510 

0.5 

15 

120 

37000 

32.5 

426 

648 

0.4 

15 

160 

48000 

35.5 

514 

811 

0.2 

10 

205 

62000 

38.5 

627 

932 

0.5 

20 

225 

67000 

37.5 

1039 

442 

0.8 

50 

325 

96000 

0.0  ' 

.0000 

.0000 

.  .00000 

.00000 

0 

3.0 

9 

7 

3.8 

2 

0 

IQO 

6.0 

22 

23 

2.1 

3 

4 

1100 

9.0 

39 

40 

2.2 

6 

6 

1800 

11.5 

49 

52 

2.1 

8 

8 

2400 

14.5 

76 

80 

2.1 

12 

12 

3600 

17.5 

108 

118 

2.0 

16 

20 

6000 

20.5 

156 

169 

1.8 

24 

28 

7400 

23.5 

249 

287 

1.6 

33 

51 

15000 

26.5 

388 

488 

1.2 

40 

100 

30000 

29.5 

465 

558 

1.5 

55 

100 

32000 

32.5 

557 

645 

1.6 

70 

120 

36000 

35.5 

655 

763 

1.6 

80 

1 40 

43000 

38.5 

775 

917 

1.6 

95 

170 

51000 

37.5 

1130 

1070 

2.6 

215 

130 

40000 

0.0 

.0000 

.0000 

.00000 

.00000 

0 

3.0 

12 

3 

4 

2 

-  700 

6.0 

25 

17 

4.1 

7 

0 

-  200 

9.0 

40 

32 

3.4 

9 

8 

n  ^ 

600 

11.0 

53 

42 

3.4 

12 

3 

800 

14.5 

71 

65 

2.8 

14 

7 

2100 

17.5 

100 

93 

2.7 

19 

11 

3300 

20.5 

131 

181 

0.8 

9 

40 

12000 

23.5 

187 

193 

2.1 

31 

29 

8500 

26 '.5 

292 

293 

2.4 

52 

41 

12000 

29.5 

347 

361 

2.2 

55 

55 

17000 

32.5 

417 

437 

2.1 

70 

65 

20000 

35.5 

506 

510 

2.3 

85 

70 

22000 

38.5 

594 

591 

2.4 

105 

80 

25  0  00 

37.5 

958 

1108 

1.9 

125 

200 

60000 

Panel 


Load 
Thou  sane 
Lbs  • 


5 


A-E 


4b-c 


A-B 


o;o 

3.0 
6.0 
9.0 
11.5 
14.5 
17.5 
20.5 
23.5 
26.5 
29.5 
32.5 
35  .5 
38.5 
37.5 

0.0 
3.0 
6.0 
9.0 
11.5 
14.5 
17.5 
20.5 
23.5 
26.5 
29.5 
32.5 
35  .5 
38.5 
37.5 


U 


m 


SLAB  NUMBER  6 


kd 


.0000 
3 
9 
13 
20 
25 
56 
49 
70 
100 
120 
135 
140 
139 
103 

.0000 
14 
21 
42 
53 
79 
112 
166 
263 
420 
507 
619 
762 
966 
1749 


♦  0000 
3 

6 
13 
20 
29 
47 
69 
116 
187 
291 
328 
406 
469 
494 

.0000 
7 
18 
30 
39 
63 
103 
165 
277 
474 
513 
650 
779 
991 
15  99 


2.4 
4.3 
2.4 
2.4 
1.6 
1.0 
0.8 
0.0 
0.5 
1.6 
1.6 
2.3 


5.5 

3.1 

3.9 

3.8 

3.4 

2.8 

2.4 

2.1 

1.8 

2.3 

2.1 

2,3 

2.2 

2.8 


0.0 

.0000 

.0000 

3.0 

1 

3 

2.4 

6.0 

1 

3 

2.4 

9.0 

4 

8 

0.8 

11.5 

6 

14 

1.5 

14.5 

11 

30 

2.1 

17.5 

23 

50 

1.2 

20.5 

41 

86 

1.0 

23.5 

73 

133 

0.4 

26.5 

128 

204 

0.0 

29.5 

15  8 

258 

0.0 

32.5 

198 

324 

0.0 

35  .5 

271 

441 

0.0 

2:8.5 

365 

590 

0.1 

37.5 

874 

418 

e. 


e 


.00000 
0 
2 
2 
3 
3 
3 
3 
1 
7 
27 
31 
50 
70 
90  ^ 

.00000  j 

4  I 

5  I 
11 
13 
18 
22 
29 
43 
60 
90 

100 
130 
160 
350 

.00000 
0 
0 

a 
1 

3 
3 
5 
4 
1 
0 
0 
0 
0 
280 


s 


.00000 
0 
0 
2 
3 
5 
10 
16 
30 
52 
93 
100 
140 
165 
185 

,00000 
1 
2 
1 
1 
4 
12 
23 
43 
80 
75 
100 
105 
145 
175 


.00000 
1 
1 
2 
4 
10 
15 
26 
37 
52 
66 
85 
110 
150 
80 


86 


s 


=^ 

200 
200 
600 
900 
1600 
3000 
4800 
9000 
15600 
26200 
32000 
41000 
51000 
56000 

0 

-  350 
400 

200 
300 
1200 
2100 
6700 
12500 
25000 
22000 
30000 
35000 
44000 
5  2000 

0 

300 
300 
700 
1300 
3000 
4600 
7700 
11000 
15000 
19700 
25000 
35000 
44000 
22000 


87 


Load 
Thousand 
Panel  Lbs. 


'B-C 


U 


SLAB  NUMBER  6 
L  kd 


0.0 
3.0 
6.0 
9.0 
11.5 
14.5 
17.5 
20.5 
23.5 
26.5 
29.5 
32.5 
35.5 
38.5 
37.5 


.0000 

.0000 

6 

3 

5.5 

12 

9 

3.7 

22 

18 

3.3 

28 

23 

3.2 

48 

35 

3.8 

69 

49 

4.0 

96 

62 

4.4 

139 

109 

3.5 

216 

199 

2.7 

253 

241 

2.6 

302 

316 

2.1 

336 

381 

1.8 

386 

439 

1.7 

434 

1446 

-  2.8 

.00000 
2 
3 
•  5 
6 
12 
18 
27 
35 
42 
48 
49 
45 
50 


.00000 
0 
0 

1 

2 
1 
1 
2 
6 
22 
30 
50 
70 
75 


0 

■  150 
100 
400 
500 
300 
300 
.  500 
1800 
6700 
8600 
15000 
20000 
24000 


Panel 


A-B 


3b -C 


Load  \ 
Thousand 
Lbs  • 


U 


SLAB  NUMBER  7 
L  kd 


0.0 

.0000 

.0000 

3.0 

1 

0 

6.0 

9 

8 

2.9 

9.0 

11 

12 

2.0 

11.5 

16 

20 

1.2 

14.5 

22 

33 

0.4 

17.5 

30 

44 

0.5 

37 

60 

0.1 

23.5 

47 

128 

-  2.1 

26.5 

50 

180 

-  3.1 

29.5 

50 

257 

32.5 

50 

291 

35.5 

55 

330 

38.5 

60 

369 

37.5 

18 

585 

0.0 

.0000 

.0000 

3.0 

12 

10 

3.2 

6.0 

22 

21 

2.5 

9.0 

35 

29 

3.3 

11.5 

46 

33 

3.9 

14.5 

61 

52 

3,1 

17.5 

82 

72 

3.0 

90  -5 

108 

99 

1.9 

23.5 

195 

168 

3.0 

26.5 

269 

204 

3.6 

29.5 

358 

247 

4.0 

32.5 

426 

279 

4.4 

35  ^5 

504 

35  2 

4.0 

38.5 

677 

551 

3. 3 

37.5 

1199 

1206 

2.3 

0.0 

.0000 

.0000 

3.0 

6 

3 

5  .5 

6.0 

15 

9 

4.7 

9.0 

18 

15 

3.1 

11.5 

22 

28 

1.2 

14.5 

30 

29 

2.5 

17.5 

42 

34 

3.4 

20.5 

51 

42 

3.2 

23.5 

89 

75 

!  3.2 

21.5 

99 

113 

1  1.7 

29.5 

\08 

114 

2.1 

32.5 

130 

161 

1.3 

35.5 

15  2 

185 

1.4 

^  !7  Ci 

219 

1.6 

37.5 

234 

332 

0.6 

e 


s 


,00000  .00000 


88 


2 
2 
2 
1 
1 
0 
15 
28 
50 
59 
60 

-  76 

-  155 

.00000 
3 
4 
8 
11 
13 
17 
21 
4^ 
66 
90 
115 
130 
150 
210 


.00000 
4 
8 
12 
4 
12 
20 
22 
38 
26, 
34l 
28 
34 
5  2 
26 


1 
2 
4 

8 
10 
15 
42 
59 
99 
114 
130 
145 
250 

.00000 
1 
3 
2 
1 
5 
7 
11 
15 
8 
0 
1 
0 
40 
170 

.00000 


2 
12 
8 
5 
7 
13 
40 
35 
64 
72 
78 
150 


0 

.  100 
300 
600 
1200 
2500 
3100 
5600 
12100 
19200 
29300 
36000 
39000 
44000 
75000 

II 

0 

200 
800 
800 
200 
1300 
2000 
3300 
4300 
3600 
0 

-  1000 

0 

10000 
50000 

0 

-  200 

-  600 
700 

3600 
2200 
1400 
1800 
3000 
12000 
10400 
19000 
21000 
22800 
46000 


Panel 


I  Load 
Thousand 
Lbs . 


5 


A-B 


B-C 


5 


C-D 


0.0 
3.0 
6.0 
9.0 
11.5 
14.5 
17.5 
20.5 
23.5 
26.5 
29.5 
32.5 
35  .5 
38.5 
37 .5 

0.0 
3.0 
6.0 
9.0 
11.5 
14.5 
17.5 
20.5 
23.5 
26.5 
29.5 
32.5 
35  .5 
38.5 
37.5 

0.0 
3.0 
6.0 
9.0 
11.5 
14.5 
17.5 
20.5 
23.5 
26  .  5 
29.5 
32.5 
35  .5 
38.5 
37.5 


SLAB  NUMBER  7 


kd 


.0000 
14 
20 
27 
32 
40 
47 
60 
125 
177 
230 
277 
332 
460 
885 

.0000 
14 
5 
8 
20 
33 
52 
74 
132 
157 
182 
207 
262 
346 
501 

.0000 
1 
5 
9 
10 
13 
21 
33 
52 
63 
79 
100 
116 
144 
278 


.0000 
1 
9 
14 
28 
51 
77 
123 
333 
473 
614 
740 
876 
1143 
1796 

.0000 
5 
11 
18 
15 
13 
13 
2 

-  58 
99 

-  129 

-  151 
164 

I  228 

-  771 

.0000 
2 
0 
3 
7 
13 
23 
30 
41 
49 
63 
83 
111 
223 
1020 


6.0 
5.4 
3.0 
1.2 
0.1 
0.9 
2.1 
2.0 
0.2 
2.0 
2.0 
1.7 
0.9 


1.2 
1.3 
3.7 
6.5 
8. 
11. 


11.8 
7,1 
4.0 
2.4 
1.8 
2.8 
3.5 
3.6 
3.4 
3.2 
2.6 
0.2 
3.1 


=s= 


.00000 
6 
7 
8 
7 
4 
0 
7 
38 
55 
70 
80 
95 
110 
100 

.00000 
6 
0 
2 
5 
11 
20 
33 
77 
130 
120 
138 
160 
225 
440 

.00000 
2 
4 
6 
10 
4 
6 
14 
24 
30 
36 
44 
44 
6 

-  320 


89 


.00000 
4  I 
2  i 
2 
3 
10 
20 
38 
110 
155 
200 
245 
285 
370 
5  25' 

.00000 
0 
3 
5 
1 
4 
10 
21 
60  i 
90  I 
110 
125 
150 
20 
495 

.00000 
2 
2 
3 
0 
4 
8 
7 
5 
14 
8 
13 
28 
110 
740 


0 

-1100 
-  500 
~  500 
800 
3100 
6000 
10800 
34000 
47000 
61000 
74000 
85000 
110000 
15  6000 

0 

0 

1000 
1700 
200 
-10000 

-  3000 

-  6400 
i -14400 
1-26000 
-32000 
1-36000 
-48000 
-61000 


■  800 
800 
0 

1000 
1600 
2000 
1600 
1400 
2400 
4000 
8000 
32000 


Panel 


A-B 


C-D 


Load 
Thousand 
Lbs* 


D 


B-C 


SLAB  NUMBER  7 


kd 


0.0 
3,0 
6.0 
9,0 

11.5 
14.5 
17.5 
20.5 
23.5 
26.5 
29.5 
32.5 
35  .5 
38.5 
37.5 

0.0 
3.0 
6.0 
9.0 
11.5 
14.5 
17.5 
20.5 
23.5 
26.5 
29.5 
32.5 
35.5 
38.5 
37.5 

0.0 
3.0 
6.0 
9.0 
11.5 
14.5 
17.5 
20.5 
23.5 
26.5 
29.5 
32.5 
35.5 
38.5 
3«.5 


.0000 
4 
11 
16 
25 
36 
50 
72 
175 
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70 
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0.6 

90 
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Panel 


Load 
Thousand 
Lbs . 


U 


SLAB  NUMBER  9 
L  kd 


ec 


97 


C-D 


B-C 


0.0 
3.0 
7.0 

11. P 
16.5 
21.0 
26.5 
31.0 
36.5 
40.5 

0.0 
3.0 
7,0 

11.5 
16.5 
21.0 
26.5 
31.0 
36  .5 
40.5 

0.0 
3.0 
7.0 
11.5 
16.5 
21.0 
26.5 
31.0 
36.5 
40^5 

0.0 
3.0 
7.0 
11,5 
16.5 
21.0 
26.5 
31.0 
36.5 
40.5 


.0000 

6 
17 

29 
46 

81 
129 
188 
256 
618 

.0000 
7 
17 
31 
56 
69 
111 
182 
271 
.  171 

.0000 
4 
1 
8 
4 
23 
44 
47 
55 
138 

.0000 
0 
1 
8 
21 
47 
72 
105 
140 
369 


.0000 

8 
18 
36 
63 
96 
171 
236 
314 
625 

.0000 

6 
12 
20 
33 
64 
120 
227 
402 
1412 

.0000 
1 
1 
0 
4 
7 
13 
22 
24 
9 

.0000 
9 
18 
31 
45 
65 
101 
142 
156 
479 


1.0 
2.0 
1.3 
0.9 
1.6 
1.0 
1.2 
1.3 
2.3 


3.1 
4.0 
4.4 
4.8 
2.7 
2.0 
1.2 
0.4 


11.8 
2.4 
7.4 

5.8 
6.1 


-  7.2  r 

-  3.3 

-  1.1 
0.8 
0.8 
0.9 
1.8 


.00000 
0 
2 
2 
2 
7 
7 
13 
19 
70 

.00000 

1 

4 

8 
16 
13 
17 
19 
11 
475 

.00000 
2 
0 
3 
1 
8 
16 
15 
18 
65 

.00000 
1 
3 
3 
2 
2 
3 
5 
13 
20 


.00000 

1 

2 
5 
10 
12 
24 
32 
42 
60 

.00000 

1 

0 

1 

2 
3 
19 
45 
65 


.00000 
1 
0 
2 
1 
3 
7 
4 
6 


.00000 
3 
5 
7 
9 
10 
15 
21 
18 


0 

300 
500 
1400 
2800 
3500 
7100 
9300 
13300 
17300 

0 

200 
100 
100 
600 
2200 
5900 
135  00 
29000 


0 

400 

0 

700 
200 
1000 
2000 
1200 
1700 


0 

800 
1600 
2200 
2700 
2900 
4500 
6300 
5400 
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4/ 
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18200 

40.5 

156 

370 
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33 

115 
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Panel  | 

0.0 
3.0 
7.0 
11.5 
16. 
21.0 
26.5 
31.0 
36.5 

.0000  ' 
7 
14 
33 

55 
86 

120 
165 
233 
767 

.0000 
1 
5 
9 
18 
30 
68 
123 
210 
863 

6.9 

7.2 
7.0 
5.0 
3.6 
2.8 
1.8 

.00000 

3  ■ 
5  ■ 
12  . 
20  ■ 
31 
36 
41 
47 
105 

.00000 
2  . 
2 

6  - 
9 
15 
6 
4 
22 
150 

0 

500 
400 
1700 
2500 
3800 
1900 
1200 
6500 
4400 

^3-4 

0.0 
3.0 
7.0 
11.5 
16.5 
21.0 
26.5 
31.0 
36.5 
40 

.0000 
3 
10 
20 
32 
50 
60 
52 
55 
52 

.0000 
5 
13 
23 
38 
53 
67 
71 
86 
224 

0.0 
0.8 
1.6 
1.5 
2.1 
1.8 
0.9 
0.2 

.00000 
0 
1 
3 
4 
8 
8 
4 
1 
39 

.00000 
1 
3 
4 
7 

•  8 
11 
16 
21 
84 

0 

400 
900 
1200 
2100 
2500 
3400  i 
4900 
6400 
24700 

^4-5 

0.0 
3.0 
7.0 
11.5 
16.5 
21.0 
26.5 
31.0 
36.5 
40  .5 

.0000 
8 
13 
19 
36 
60 
125 
235 
35  2 
843 

.0000 
4 

9 

18 
33 
61 
127 
248 
388 
923 

5.3 
4.1 
2.6 
2.8 
2.3 
2.3 
2.0 
1.9 
1.9 

.00000 
2 
3 
3 
7 
10 
22 
37 
50 
125 

.00000 

1 

0 
3 
4 

9 

18 
38 

65 

150 

- 

0 

1900 
100 
700 
1200 
2600 
5400 
11100 
20000 
45000 

^3-4 

0.0 
3.0 
7.0 
11.5 

16.5 
21.0 
26.5 
31.0 
36.5 
40.5 

.0000 
13 
27 
48 

78 
123 
192 
306 
425 
649 

.0000 
17 
34 

69 
106 
149 
223 
337 
461 
864 

1.1 
1.2 
0.6 
0.9 
1.4 
1.5 
1.8 
1.9 
1.0 

.00000 

1 

3 

3 
6 
14 
25 
45 
60 
50 

.00000 
4 
7 
16 
26 
29 
40 
55 
75 
185 

0 

1000 
2000 
4600 
7000 
8600 
11800 
16000 
23000 
47000 

Panel 

Load 
rhousand 
Lbs  • 
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SLAB 

L 

NUMBER  9 
kd 

1 

100 

^4-5 
1^3-4 

D4-n 

1 

0.0  1 

3.0 

7.0 
11.5 
16.5 
21.0 
26.5 
31.0 
36.5 
40.5 

0.0 

3.0 

7.0 
11.5 
16.5 
21.0 
26.5 
31.0 
36.5 
40.5 

0.0 

3.0 

7.0 
11.5 
16.5 
21.0 
26.5 
31.0 
36.5 
40.5 

.0000 
1 
11 
24 
34 
54 
80 
114 
138 
340 

.0000 
15 

35 
65 
100 
15  3 
25  3 
403 
5  35 
843 

.0000 

8 
16 
23 
39 
55 
64 
76 
83 
50 

.0000 

5 
13 
23 
45 
78 
133 
222 
305 
590 

.0000 
14 
31 

62 
110 
172 
315 
5  21 
713 
1191 

.0000 
6 
18 
29 
41 
57 
70 
74 
71 
27 

1.6 
2.5 
1.0 
0.6 
0.0 

-  0.7 

-  1.2 

-  0.2 

2.6 
2.9 
2.6 
1.9 
1.7 
1.2 
1.1 
1.0 
0.7 

3.7 
1.7 
1.2 
2.1 
2.2 
2.0 
2.5 
3.1 
5.2 

.00000 

1 
1 

4 

3 
3 
0 
10 
23 
1 

.00000 
3 
7 
12 
14 
22 
25 
35 
40 
50 

.00000 
2 
2 
2 
6 
9 
10 
14 
18 
15 

.00000 
2 
3 
3 
10 
18 
35 
64 
95 
160 

.00000 
2 
3 

8 
18 
30 
65 
105 
150 
270 

.00000 
0 
3 

6 
6 

9 
11 

10 
6 
3 

0 

600 
800 
900 
2900 
5500 
10800 
18900 
29000 
48000  i 

0 

500 
900 

22001 
5500 
8800 
19000 1 
200001 
46000 
80000 

0 

100 

1000 
1800 
2000 
2600 
3300 
29001 
1800 
900 

i 
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